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™1is report is subdivided into three sections as follows:

Section I  Journal Papers and Technical Reports of Research Projects directly
related to and partially supported by the research grant.

I.1. "Stress Waves Resulting from Hypervelocity Impact," AIAA paper
No. 69-355, Presented at the 1969 AIAA Hypervelocity Impact
Conference in Cineinnati, Ohio (Authored by R. Madden and T. 5. Chang)
Results from a numerical scheme based on the method of characteristics
are presented for the axially symmetric, hypervelocity impact of

similar materials. The analysis is restricted to the early stages of

the impact of a right circular cylinder on a halfspace. The resulting
rarefaction and shock waves produced by the impact are considered as
discrete wavefronts which divide the impacted zone into regioms.
Numerical diffusion is then controlled by requiring that the values
of the dependent variables at a given point in the impacted zone to
depend on only the calculated values at earlier times at points in
the same region as the point in question. The numerical results give
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accurate representations of the stress wave profiles (i.e., rarefaction
and shock waves) which should be useful as inputs for a later stage
elastoplastic analysis and/or spallation analysis. The effects of
"numerical diffusion" on the calculated pressure and flow flelds when
the rarefacticn wave is not considered as discrete is investigated and
the "diffused" results are compared with the more exact analysis.

"Nonlinear Waves in a Rate-Sensitive, Elastoplastic Material,”
International Journal of Engineering Science, Volume 10, pp. 353-367,
1972. (Authored by E. E. Burniston and T. S. Chang).

Two classes of closed form solutions of one-dimensional, nonlinear
waves in a rate-sensitive, elastoplastic material are reported.

One class of these solutions is self-similar and the other class
consists of constant speed propagations. Applications of these
solutions to unsteady motions behind propagating discontinuities are
also considered.

"Cuprved Characteristics Behind Blast Waves,' The Physics of Fluids,
Volume 15, pp. 502-504, 1972. (Authored by 0. Laporte and T. S. Chang)
Exact solutions, expressed in closed form in terms of elementary
functions, are presented for the three sets of curved characteristics
behind a self-similar, strong blast wave.

"On Dispersion and Characteristic Motions of Temperdture-Rate
Dependent Materials," National Aeronautics and Space Administration
Report CR-1795, 1971. '

A general three-dimensional theory of a thermomechanical material
which can be a metallic or polymeric medium, or a structured
composite, is developed using the modern technigues of axiomatic
continuum mechanices and the laws of thermodynamics. Omne-dimensional
linear spatial gradient temperature-rate dependent theories are
presented for both thermoviscoelastic and thermoelastic materials.
The characteristic motions are considered and it is shown that, due
to the presence of temperature-rate effects, thermal propagation
speeds have finite values. A comprehensive study of the dispersion
relations is presented and illustrated graphically for typical values
of the material constants. Analytical expressions are cbtained for
both high and low frequency responses. It is demonstrated that the
characteristic speeds coincide with the high frequency asymptotic
phase velocities in both cases. Physical and numerical limitations
on the material constants are obtained for stable wave propagations.
A class of self-similar solutions is obtained for the temperature-rate
dependent thermoelastic medium using the theory of continuous group
of transformations.

"Comments on Application of Singular Eigenfunction Expansioms to the
Propagation of Periodic Disturbances in a Radiating Grey Gas," The
Physics of Fluids, Volume 16, pp. 159-160, 1973. {(Authored by

T. S. Chang, K. H. Kim and M. N. Osizik)

Recently, we have been extending our analysis of sound propagation
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Section II
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Section III

ITI.1.

in dissociative, radiative media to include the effects of scattering.
It is of interest to note that the set of pertinent integrodifferential
equations can also be solved exactly using the singular eigenfunction
expansion technique.

Combuter Programs and Numerical Results of Hypervelocity Impact
Calculations

Method of Characteristics Calculations' and the Computer Code Using
Orthogonal Polynomial Least Square Surface Fits.

Very recently, we have developed a new numerical scheme using the
method of characteristics to calculate the flow properties and pressures
behind decaying shock waves for materials under hypervelocity impact.
This procedure is quite different from our earlier methods (see
paper 1.1). We are now able to replace the time-consuming double
interpolation subroutines used in paper 1.1 by a technique based on
Orthogonal Polynomial Least Square Surface Fits. Typical calculated
results are given and in Tables 1-19. These results are compared with
the double-interpolation results. The complete computer program is
also included.

Method of Characteristics Calculations and the Computer Code for
Materials with Arbitrary Egquations of State.

As reported in our earlier status reports, we have developed a
numerical code capable of calculating flow properties and pressures
behind decaying shock waves for materials under hypervelocity impact
with arbitrary equations of state. For comparison purposes, we have
made some sample calculations using the new code for impact conditions
similar to those reported in I.1l. These results are guite encouraging
and are displayed graphically in Figures 1-3. A listing of the
numerical code is also attached.

Fundamental Research on Equaticns of State and Non-Equilibrium
Statistical Mechaniecs Generated by the Research Crant.

Materials under hypervelocity impact experience extreme changes of
stresses, strains, and thermodynamic states. We have looked into

some basic research areas related to (1) the non-equilibrium statistical
mechanical aspects of heat transfer with discontinuous veloeity boundary
conditions, and (2) the fundamental understanding of the equations of
state, phase transitions, and ¢ritical phenomena of materials under
extreme thermodynamic enviromnments. Our research efforts along these
directions are found in the following research papers:

"Elementary Solutions of Coupled Model Equations in the Kinetic
Theory of Gases," International Journal of Engineering Science,
Volume 12, pp. 441-470, 1974. (Authors: J. T. Kriese, T. S. Chang,
and C. E. Siewert.)
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The method of elementary solutions is employed to solve two coupled
integrodifferential equations sufficient for determining temperature -
density effects in a linearized BGK model in the kinetic theory of
gases. Full-range completeness and orthogonality theorems are proved
for the developed normal modes and the infinite-medium Green's function
is constructed as an illustration of the full-range formalism. The
appropriate homogeneous matrix Riemann problem is discussed, and
half-range completeness and orthogonality theorems are proved for a
certain subset of the normal modes. The required existence and
uniqueness thecrems relevant to the H matrix, basic to the half-range
analysis, are proved, and an accurate and efficient computational
method is discussed. The half-space temperature-slip problem is
solved analytically, and a highly accurate value of the temperature-
slip coefficient is reported.

"Tpicritical Points in Multicompeonent Fluid Mixtures,' Physical Review,
Volume A9, pp. 2573-2578, 1974. (Authors: A. Hankey, T. 5. Chang, and
H. E. Stanley)

In view of experimental considerations, we give a model-independent
argument that the novel tricritical points in multicomponent fluid
mixtures, where three phases simultaneously become critical, are
points on the boundary of a single two-dimensional surface of critical
points. This result is corroborated by the Landau model suggested by
Griffiths. The relationship between these tricritical points and the
complex "higher-order" critical points proposed to exist in eertain
magnetic systems is elucidated.

"Generalized Scaling Hypothesis in Multicomponent Systems.

I. Classification of Critical Points by Order and Scaling at Tricritical
Points," Physical Review, Volume B8, pp. 346-364, (Authored by T. S.
Chang, A. Hankey, and H. E. Stanley.)

The goal of this work is to provide an analysis of spaces of critical
points for multicomponent systems. First, we propose the geometric
concept of order @ for critical points; we distinguish it from a
previous definition of a ”multicrjxical” point. Specifically, we may
define the intersection of space of critical points of order @ to be

a space of critical points of order (0 + 1). Ordinary critical points
are defined to be of order 0 = 2, so that the trieritical points
introduced by Griffiths are of order ( = 3. We discuss more general
examples of critical spaces of order 0 = 3 which are known for a wide
variety of systems; we also propose several examples of models of
magnetic systems showing critical peints of order & = 4 - i.e.,

systems having intersecting lines of tricritical points. The analysis
of critical and coexistence spaces also provides a new form of the

Gibbs phase rule suitable for complex magnetic models. Next we define -
for the critical points of order () of which examples have been given -
special directions in terms of which to make a scaling hypothesis.

We give the hypothesis for simple systems and then for trieritical
points, and then, in a subsequent paper, part II, the special directions
are used to make a scaling hypothesis at spaces of critical points of
any order., Certain predictions (e.g., scaling laws and "single-power"
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scaling functions) follow in a simple and straightforward fashion.
We consider the scaling hypothesis at a critical space of order 0

in terms of a group of transformations. We can define a set of
invariants of the group. It is possible, for 0 > 3, to make a
second scaling hypothesis for the space of order 0 - 1 using certain
of these invariants as independent variables. This is advantageous
because certain "double-power" scaling functions then follow directly;
these predict that for (¢ = 3, experimental data collapse from a
volume onto a line. This prediction is to be contrasted with
ordinary scaling function, which predict that data collapse by only
a single dimension (e.g., from a volume onto a surface or from a
surface onto a line).

"Double-Power Scaling Functioms Near Tricritical Points," Physical
Review, Volume B7, pp. 4263-4266, 1973, (Authored by T. S. Chang,

A. Hankey, and H. E. Stanley.)

We introduce invariants of the scaling equation about the tricritical
point. Using these invariants, a modified version of the scaling
hypothesis about the three critical lines meeting at the tricritical
point is presented. TFrom it we demonstrate that the thermodynamic
equation of state near a tricritical peint and near a critical line
may be expressed as double-power scaling functions. These imply

_ that experimental data should collapse from a volume ontc a line

(i.e., by two dimensions). This behavior is in contrast to ordinary
"single-power" scaling funetions, which predict data collapsing from
a volume onto a surface or from a surface onto a line (i.e., by one
dimension). ‘

In conclusion, we have obtained much information pertaining to the behavior
materials under impact, particularly hypervelocity impact. Two useful numerical
des have been developed for calculations of axisymmetric hypervelocity impact for
terials with rather general equations of state. Fundamental research in the
eas of critical equations of state and non-equilibrium statistical mechanics and
at transfer have also been considered.

With best wishes, I am

C:mlm

closures

Yery sincerely yours,
Tien Sun Chang
Professor

NASA Scientific and Technical
Information Facility (3 copies)
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I7.1. Method of Characteristics Calculations and the Computer Code
Using Orthogonal Polynomial Least Square Surface Fits



List of Symbols

t

cos

sin

time (usec)

radlal coordinate (cm)

axial coordinate {cm)

radial velocity (cm/u;ec)

axial velocity (cm/usec)

mass density (gm/cm3)

internal energy per unit mass (megabar cm3/gm)

sound speed (em/usec) |

pressure (megabars)

e, = direction cosine of normal with respect to r axis

o = direction’ cosine of normal with reapect to Z axis




Table 1,

Flow properties in Projectile Shock at t = 1.18 psec after
impact of a 2.5-ecm-diameter projectile at 0.76 cm/usec
on an aluminum half-space based on (1) Double Interpolation

and (2) Othoagonal Polynomials Least Square Surface Fit with

Double Interpolation after t = 1.1 usec.
1 (2)

z r P U v z r P U v
0 e ‘a cos o sin o P a cos o sin O,
~0.3532 0.0 1.0869 0.0 0.3800 || -0.3532 0.0 1.0869 0.0 0.3800
4.2103 0.0722 1.0038 0.0 1.0000 4.2103 0.0722 1.0038 h.O Al.OOGD
~0.3532 0.2500 1.0869 0.0 0.3800 |} -Q.3532 0.2500 1.0869 0.0 0.3800
4.2103 0.0722 1.0038 0.0 1.0000 4,2103 0.0722 1.0038 0.0 1.0000
-0,3521 0.5012 | 1.0412 0.0025 0.3910 { -0.3509 0.5009 0.9911 0.0017 0.4033
4,.1738 -0.0681 0.9934° | -0.0068 1.0000 4.1325 0.0636 0.9820 —0.Q049 1.00600
_o.3312 | 0.7611 | 0.8391 | 0.0208 | 0.4372 | -0.33:12 | 0.7630 | 0.78%1 | 0.0106 | 0.4554
4.0185> 0.0521 0.9500 { -0.0648 0.9976 3.9533 0.0463 0.9318 ~0.0348 0.9991
~0.2120 1,0183 0.4162 0.0124 | 0.5679 §i ~0.2117 1.0177 0.4090 0.0116 0.5704
3.5399 0;0183 0.8122 —0.0667 0.9968 3.5303 0.0178 dj8694 -0.0613 0.9972
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Table 2. Flow properties in Target Shock at t = 1,18 pusec after impact
of a 2.5-cm-diameter projectile at 0.76 cm/usec on an aluminum
half-space based on (1) Double Interpolation and ¥2) Orthogonal
Polynomials Least Square Surface Fit with Double Interpolation
after t = 1.1 usec.

(1) (23
z r P U v Z x P U v
P a cos o, sin ono p e ! cos @ sin o
1.2500 0.0 1.0869 0.0 0.3800 1.2500 1 0.0 1.0869 0.0 0.3800
4.2103 [ 0.0722 1.0038 | 0.0 1.0000 4.2103 0.0722 1.0038 0.0 1.0000-
1.2500 0.2500 1.0869 0.0 . 0.3800 1.2500 0.2500 1.0869 0.0 0.3800
4.2103 0,0722 1.0038 | 0.0 1.0000 4.2103 0.0722 1.0038 0.0 1.0000
1.2500 0.5007 | - 1.0686 0.0029 0.3756 1.2497 0.5007 1.0685 0.0029 0.3756
4.1957 0.0750 0.9997 0.0078 . | 1.0000 4.1957 0.0705 0.9997 0.0078 1.0000
1.2398 0.7544 | 0.9647 | 0.0058 0.3501 1.2398 0.7544 0.9647 0.0058 0.3501
4.1106 0.0613 0.9758 0.0165 | 0.9998 4.1106 0.0613 0.9758 0.0165 0.9998
1.2143 1.0281 0.8382 | 0.0192 0.3169 1.2143 1.0281 0.8382 0.0192 0.3169
_3.9996 0,0503 | 0.9446 | 0.0605 0.9979 - 3.9996 0.0503 0.9446 | 0.0605 0.9979
1.1235 1.3139 0.5624 | 0.0302 0.2368 1.1236 1.3139 0.5679 0.0304 0.2384
3.7190 0.0285 0.8649 | 0.1265 0.9910 3.7252 0.0290 0.8666 0.1265 0.9910
0.7683 1.7372 0.1558 | 0.0540 0.0691 0.7678 1.7377 0.1546 0.0528 0.0694
3.1170. 0.0038 0.6776 0.6152 0.7870 3.1144 0.0037 0.6768 0.6050 0.7948
0.5808 1.8634 0.0670 | 0,0330 0.0263 0.5807 1.8634 0.0664 0.0327 0.0261
2.9088 .0. 0008 0.6045 | 0.7817 0.6227 2.9071 0.0008 0.6039 0.7816 0.6227
0.3716 1.9378 0.0 0.0 0.0 _ 0.3716 1.9377 0.0 0.0 0.0
2.7000 0.0 0.5277 | 0.9289 0.3690 2.7000, 0.0 0.5277 0.9289 0.3630
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Table 3.Flow properties in Rarefaction at t

1.18 usec after impact

of a 2.5-cm~diameter projectile at 0.76 em/usec on an aluminum
half-space based on (1) Double Interpolation and (2) Orthogonal
Polynomials Least Square Surface Fit with Double Interpolation

after t 1.1 usec.
(1) (2)

Z r cos ao sin ao Z e cos ao sin uo
1.2500 - 0.3781 0.6768 .-0.7362 1.2500 0.3781 0.6768 -0.7362
1.1356 0.2852 0.5801 -0.8145 1.1355 0.2852 0.5801 ~-0.8145
1.0210 0.2132 0.4834 -0.8754 1.0210 0.2132 0.4834 -0,8754
0.9065 0.1577 0.3867 ~0.9222 0.9065 0.1577 0.3867 -0.9222
Q.7920 0.1165 0.2901 ~0.957D 0.7920 0.1165 0'2991 ~0.9570
0.6774 0,0879 0.1934 ~0,9811 0.6774 0.0879 0.1934 -(3.9811
0.5629 0.0711 0.0967 -0.9953 0.5629 0.0711 0.0967 -0.9951
0.4484 - 0.0656 —0.0000 ~1.0000 0.4484 0.0656 -0.0000. =1.0000
0.3339 0.0711 -0.0967. ~0,8953 0.3339 - 0.0711 =0.0%67 -0,9953
0.2194: 0.0879 -0.1934 -0.4811 0.2194 0.0879 -0.1934 -0.9811
0.1048 0.1165 -0.,2901 -0,49570 0.1048 0.1165 ~0,2901 ~0.9570

~0.0097 0.1577 -0.3867 -0,9222 -0.0097 ‘ 0.1577 -0.3867 -0,9222
=-0.1242 0.2132 -0,4834 -0,8754 -0.1242- 0.2132_ ~0.4834 ~0.8754
-(.2387 0.2852 -0.5801 -0.8145 -0.2387 0.2857 -0.5801 -0.8145
~0.3532 0.3781 -0.6768 =0,7362 - —-0.3532 0.3781 . -0.6768 ~0.7362

//




‘Table 4. Flow properties in Intericr Region at t = 1.18 usec after
impact of a 2.5-cm-diameter projectile at 0.76 cm/usec on
an aluminum half-space based on (1) Double Interpolation
and (2) Orthogonal Polynomial Least Square Surfact Fit
with Double Interpolation after t = 1.1 usec at Z = (.25 cm.

/2

- 0.25 cm r P U v p e & —
< 0.0 . 1.0869 0.0 0.3800 4.2103 0.0722 1.0038
0.2500 1.0869 0.0 0.3800 4.2103 0.0722 1.0038
0.5000 0.9289 0.0167 0.4159 4.050 0.0622 0.9654
0.7500 0.6891 . 0.0558 0.3987 3.8200 0.0422 0.9012
1 ” .
1) 1°0000 0.0 0.0 0. 2.7000 0.0 0.5277
1.2500 0.0 0.0 2.7000 0.0 0.5277
1. 5000 0.0 0.0 2.7000 0.0 5277 .
1.7500 0.0 0.0 " 2.7000 0.0 0.5277
2.0000 0.0 0.0 0.0 2,7000 0.0 5277
. 0.0 1.0869 0.0 0.3800 4.2103 0.0722 L0038
0.2500 1.0869 0.0 0.3800 4.2103 0.0722 .0038
0.5000 0.6710 -0.1555 0.4333 3.7854 0.0425 8946
() 0.7500 2.2439 ~0.0865 | 0.9374 5.2602 0.1201 1.2174
1.0000 0.0 0.0 - 0,0 2.7000 0.0 0.5277
1.2500. 0,0 0.0 0.0 2.7000 0.0 0.5277
1.5000 0.0 0.0 0.0 2.7000 0.0 0.5277
1.7500" 0.0 0.0 0.0 2.7000 0.0 0.5277
2.0000 0.0 0.0 0.0 © 2.7000 0.0 0.5277




Table 5.

Flow properties in Interior Region at t = 1,18

wsec after impact of a 2.5-cm-diameter projectile

at 0.76 cm/usec on an aluminum half-space based
on (1) Double Interpclation and (2) Orthogonal

Polynomial Least Square Surface Fit with Double
Interpolation after t = 1.1 Hsec at Z = 0.0 cm.

Z=20.0cem r P 4] v P e a

0.0 1.0869 0.0 0.3800 C4.2103 0.0722 ' 1.0038

0.2500 0.9644 0.0130 0.3829 | 4.0861 0.0646 0.9743

0. 5000 0.6875 0.0985 0.4466 3.7705 0.0478 0.8972

. 0.7500 0.4822 0.2065 0.5931 3.5022 0.0348 0.8269

(1) 1,0000 0.1931 0.282% 0.7128 3.0774 0.0132 0.6916
1.2500 0.0. 0.6160 0.3904 2.7000 0.0 - 0.5277

1.5000 0.0 0.1923 -0.0971 2.7000 0.0 0.5277

1.7500 0.0 0.1103 -0.1452 2.7000 0.0 0.5277

2. 0000 0.0 0.0303 -0.0074 2.7000 0.0 0.5277

0.0 1.0869 0.0 0.3800 4,2103 0.0722 1.0038

~0.2500 0.4956 -0.1726 0.3333 3.5563 0.0318 0.8347

0. 5000 0.5533 0.0033 0.4539 3.6020 0.0395 0.8537

0.7500 0.7227 0.2308 0.6779 3.8156 0.0497 0.9081

(2) : ‘

_1.0000 0.0112 0.3021 0.6287 2.6397 0.0053 0.5362

1.2500 0.0 0.3460 0.4024 2.7000 0.0 - 0.5277

1.5000 0.0 0.2988 -0,1707 2,7000 0.0 0.5277

1.7500 0.0 ' 0.0076 | -0.0333 .| 2.7000 0.0 0.5277

2,000 0.0 ‘ 1.0304 0.0920 2.7000 0.0 0.5277




Table 6.

Flow properties in Interiocr Region at t = 1.18
usec after impact of a 2,5-cm~diameter projectile
at 0.76 cmfisec on an &luminum half-space based
ocn (1) Double Interpolation and (2) Orthogonal
Polynomial Least Square Surface Fit with Double

Interpolation after t

1.1 usec at 2 = 0.25 cn.

A*Z = (0,25 em T P U v p e a

’ 0.0 1.0869 0.0 0.3800 4.2103 0.0722 1.0038

. 0.2500 0.9018 0.0414 0.3889 4.0190 0.0608 0.9582

- 0.5000 0.6611 0.1029 0.3898 3.7383 0.0461 0.88590

* 0.7500 0.5468 0.1589 0.4410 3.5875 0.0393 0.8504

(1 1.0000 0.4078 0.2552 0.5698 3.3982 0.0296 0.7973
1.2500 0.2713 0.3356 0.2505 3.1741 0.0216 0.7378

1.5000 0.1800 0.2782 -0.0038 3.0497 0.0126 0.6831

1.7500 0.1452 0.1345 -0.0307 3.0979 0.0032 0.6704

2.0000 .0 .0 0.0 2.7000 " 0.0 0.5277

0.0 1.0869 0.0 0.3800 4.2103 0.0727 170048

0.2500 0.5041 0.0405 0.4685 4.0212 0.0610 0.9588

10.5000 0.6238 0.1083 0.3428 3.6922 0.0436 0.8770

0.7500 0.4999 0.1591 0.4221 3.5219 0.0365 0.8332

2 .

(2) 1.0000 0.4384 0.1553 0.5946 3,4452 §.031% 0.5152

1.2500 0.3310 0.3414 0.2448 3.2767 0.0250 0.7629

1.5000 0.1820 0.2935 0.0031 3.0507 0.0130 0.6841

1.7500 10,1509 0.1379 -0.0592 ©3.1113 0.0033 0.6746

2.0000 0.0 0.0 0.0 2.7000 0.0 0.5277

/Y




Table 7. Flow properties in Interior Region at t = 1,18
usec after impact of a 2,5-cm-diameter projectile
at 0.76 cm/usec on an aluminum half-space based
on (1) Double Interpolation and (2) Orthogonal
Polyvnomial Least Square Surface Fit with Double
Interpolation after t = 1.1 usec at 2 = 0.50 cm.
= Z.= 0.50 cm r P U v p e a
0.0 1.0869 0.0 0.3800 4.2103 0.0722 1.0038
- 0.2500 0.9285 0.0338 0.3758 ' 4.0475 0.0625 0.9651
N 0. 5000 0.7314 0.0768 0.3523 3.8244 0.0504 0.9106
N 0.7500 10.6101 0.1090 0.3385 3.6714 0.0432 0.8723
0 H 1.0000 0.5674 0.1441 0.3850 3.6154 0.0406 o.sgzz;j;;'
1.2500 0.3240 0.2039 0.1874 3.2650 0.0246 0.7595
1.5000 0.2336 0.1796 0.0690 3.2048 0.0115 0.7706
1.7500 0.1461 0.0865 0.0345 3.1018 0.0031 0.6713
_ ] 2.0000 0.0 0.0 0.0 2.7000 0.0 0.5277
0.0 1.0869 0.0 0.3800 4.2103 0.0722 1.0038
| 0.2500 0.9477 0.0025- 0.4235 4.0676 0. 0637 0.9700
-0.5000 0.7109 0.0920 0.3266 3.8004 0.0491 0.9045
0,7500 0.5934 0.0993 0.3379 3.6493 0.0422 0.8666
@) ’ _1.0000 0.5876 0.1442 0.3938- 3.6421 0.0418 0.8647
' 1,2500 0.3056 0.2154 0.1785 3.2283 0.0241 0.7501
L5000 0.2380 0.1708 0.0771 3.2140 0.0117 0.7232
1.7500 0.1611 0.1319 | 0.0292 3.1346 0.0036 | 0.6820
2. 000 0.0 0.0 - 0.0 2.7000 0.0 0.5277
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Table 8.

Flow properties in Interior Region at

t = 1.18 usec after impact of a 2.5-
cm-diameter vrojectile at 0.76 cm/usec
on an aluminum half-space based on (1)
Double Interpolation and (2) Orthegonal
Polynomial Least Square Surface Fit with

Double Interpolaticon after t = 1.1 usec at 2 = 0.75 cm
0.75 cm T P u v p _ e a
| 0.0 1.0869 0.0 0.3800 4.2103 0.0722 1.0038
- 0.2500 1.0006 0.0200 0.3730 4,1231 0.0669 0.9832
0. 5000 . 0.8307 0.0490 0.3472 3.9397  0.0565 0.9391
1 i, 0.7500 0.7051 0.0710 0.3163 - 3.7917 0.0489 0.9026
1.0000 0.6166 0.0937 0.3127 3.6908 0.0423 .0.8752
1.2500 0.4242 0.1292 0.1985 3.4661 0.0263 0.8077
1.5000 0.3014 0.1187 0.1145 3.3803 0.0108 0.7624
1.7500 0.0 0.0 0.0 2.7000 - | 0.0 0.5277
2. 0000 0.0 0.0 0.0 2.7000° 0.0 0.5277
0.0 1.0869 0.0 0.3800 4.2103 0.0722 10038
0.2500 0.9148 -0.0201 0.4072 4.0334 0.0615 0.9616
1 0.5000 0.8167 0.0542 0.3333 3.9244 0.0556 0.9352
(2) 0.7500 0.6996 0.0658 0.3149 3.7846 0.0486 0.9009
«1.0000 0.5993 0,0982 0.3095 3.6667 0.0414 0.8693
_1.2500 0.4229 0.1272 0.1785 3.4620 0.0265 0.8070
1.5000 0.3248 0.1134 0.1264 3.4247 0.0115 0.7744
1.7500 0.0 0.0 0.0 . 2.7000 0.0 0.5277
. 2.0000 0.0 0.0 0.0 2.7000 0.0 0.5277

e



Table 9.

Flow properties in Interior Region at
1.18 usec after impact of a 2,5-cm-

t =

diameter projectile at 0.76 cm/usec on

an aluminum half-space based on (1)

Double Interpolation and (2) Orthogonal
Polynomial Least Square Surface Fit with

Double Interpolation after t 1.1 usec
at Z = 1.00 cm.
Z=1.00 em r P 1] v 0 e a
0.0 1.0869 0.0 0. 3800 4.2103 0.0722 1.0038
0.2500 1.0869 0.0 0.3800 4.2103 0.0722 1.0038
B 0. 5000 0.9551 0.0239 0.3569 4.0754 0.0642 0.9719
o - 0.7300 0.8458 0.0404 0.3263 3.9658 0.0562 0.94138
| : :
(1) 1. 0000 - 0.7492 0.0545 0.3053 3.8760 0.0477 0.9180
1.2500 0.5566 0.0703 0.2330 3.6866 0.0306 0.8607
1.5000 0.0 0.0 0.0 2.7000 0.0 0.5277
1.7500 0.0 0.0 0.0 2.7000 0.0 0.5277
- 2.0000 0.0 0.0 0.0 2.7000 0.0 0.5277
0.0 1.0869 0.0 0.3800 4.2103 0.0722 1.0038
0.2500 1.0869 0.0 0.3800 4.2103 0.0722 1.0038
0. 5000 0.9137 0.0337 0.3572 4.0315 0.0616 0.9613
0.7500 ' 0.8233 0.0460 0.3269 3.9397 0.0549 0.9376
(2) 1.0000 0.7430 0.0646 0.3254 3.8604 0.0465 0.9137
1.2500 0.5142 0.0880 0. 2854 3.6368 0.0275 0.8463
1.5000 - 0.0 0.0 0.0 2,7000 0.0 0.5277
1.7500 0.0 0.0 0.0 12.7000 0.5277
2.0000 0.0 0.0 0.0 12,7000 0.5277
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Table 10.

Flow properties in Interior Region

at t = 1.18 usec after impact of

a 2.5-cm-diameter projectile at 0.76
cm/usec on an aluminum half-space
based on (1) Double Interpolation and
(2) Orthogonal Polynomial Least Square

" Surface Fit with Double Interpolation

after t = 1.1 pysec at Z = 1.25 cm.

Z= 1.25Hcm

r P U v o p e a
0.0 1.0869 0.0 0.3800 4.2103 0.0722 1.0038 "
0.2500 1.0869 0.0 0.3800 , 4.2103 0.0722 1.0038
L 0.5000 0.0 0.0 0.0 2.7000 0.0 0.5277
- 0. 7500 0.0 0.0 0.0 2.7000 0.0 0.5277
Wy, 1.0000 0.0 0.0 0.0 2.7000 0.0 0.5277
1.2500 0.0 ‘0.0 0.0 2.7000 0.0 0.5277
1.5000 0.0 0.0 0.0 2.7000 0.0 0.5277
1.7500 0.0 0.0 0.0 2.,7000 0.0 0.5277
2.0000 0.0 0.0 0.0 2.7000 0.0 0.5277
0.0 1.0869 0.0 0.3800 4.2103 0.0722 1.0038
0.2500 1.0869 0.0 0.3800 4.2103 0.0722 1.0038
0.5000 0.0 0.0 0.0 2.7000 0.0 0.5277
0.7500 0.0 0.0 0.0 2,7000 0.0 0.5277
(2) 1.0000 0.0 0.0 0.0 2.7000 0.0 0.5277
1,2500 0.0 0.0 0.0 2,7000 0.0 0,5277
1. 5000 0.0 0.0 0.0 2.7000 0.0 0.5277
1.7500 0.0 0.0 0.0 1 2.7000 0.0 0.5277
2.0000 0.0 0.0 0.0 2.7000 0.0 0.5277

/s




Table 11.

Flow properties in Projectile Shock gt t = 1,25 ﬁsgc after
impact of a 2.5-cm-diameter projectile 0.76 cm/usec on an
aluminum half-space based on (1) Double Interpolation and
(2) Orthogonal Polynomials Least Square Surface Fit with
Double Interpolation after t 1.1 usec.
(1) (2)
Z T P U v Z r P 4] v
p e a cos & sin a_ e e a cos & sin %4
-0.3742 .a .0869 0.0 0.3800 -0.3742 0.0 0869 0.0 0.3800
4.2103 . 0722 1.0038 1.0000 4.2103 0.0722 li9038‘-‘,m 0.0 ~1.0000
~0.3742 . 2500 1.0869 0.3800 -0.3742 0.2500 1.0869 0.0 0.3800
4.2103 .0722 .0038 0.0 1.0000 4.2103 0.0722 .0038 0.0 1.,0000
-0,3713 . 5018 .. 0071 0.0029 0.3993 -0.3684 0,5014 .9280 0.0019 0.4191
4.1460 0.0650 0.9857 L|—0.0079 0.9999 4.0789 IO.OSSl L9670 -0.0057 1.0000
-0.3468 0.7660 0.8343 0.0217 0.4438 ~0.3437- 0.7655 0.7182 0.0104 0.4750
3.9954- .0501 .9436  +-0.0685 0.9973 3.8844 0.0405 L9123 -0.0366 0.9990
-0.2153 .0232 . 4007 0.0144 0.5731 -0.2140 1.0213 L3767 00,0113 0.5816
3,5195 L0173 . 8060 L0.0775 0.9958 3.4869 0.0157 L7961 ~0.0636 0.9970

o




Table 12.

Flow properties in Target Shock at t = 1.25 psec after impact of

-a 2,5-cm-diameter projectile at 0.76 cm/usec or an aluminum half-
space based on (1) Double Interpolation and (2) Orthogonal Polynomials

Least Square Surface Fit with Double Interpolation after ¢t = 1.1 usec.
(1) (2)
/ r P u v z r P U 1
p e ‘a cos & sin ol o . e a cos & sin .
1.3242 0.0, 10869 | 0.0 . 0.3800 1.3242 0.0 1.0869 0.0 0. 3800
4.2103 0.0722 1.0038 | 0.0 1.0000 4.2103 0.0722 1.0038 0.0 1.0000
1.3242 0.2500 1.0869 | 0.0 0.3800 1.3242 0.2500 1.0869 0.0 0.3800
4,2103 0.0722 1.0038 | 0.0 1.0000 4.2103 0.0722 | 1.0038 0.0 1.0000
1.3233 | 0.5015 | 1.0568 | 0.0039 | 0.3724 1.3232 | 0.5014 | 1.0550 | 0.0034 0.3723
4.1863 0.0695 0.9970 | 0.0105 0.9999 4.2848 0.0693 0.9966 0.0092 1.0000
1.3110 0.7558 0.9511. | 0.0066 0.3467 1.3109 0.7558 0.9506 0.0066 0.3465
4,0991 0. 0601 0.9726 | 0.0190 0.9998 4.0986 0.0600 0.9725 0.0190 0.9998
1.2823 1.0325 0.8208 | 0.0203 0.3122 1.2823 1.0325 0.8240 0.0204 0.3130
| 3.9830 0.0490 0.9401 | 0.0650 0.9976 3.9859 0.0492 0.9409 0.0649 0.9976
1.1836 1.3220 0.5493 | 0.0312 0.2325 1.1840 1.3224 0.5610 0.0332 0.2359
3.7041 | 0.0276 0.8654 | 0.1328 0.9901 3.7174 | 0.0284 0.8645 0.1390 0.9892
0.8044 | 1.7655 0.1534 | 0.0550 0.0669 0.8039 1.7655 0.1475 0.0512 0.0664
3.1120 | 0.0037 0.6759 | 0.6341 0.7718 3.0997 | 0.0035 0.6717 0.6098 0.7910
10.6060 1.8958 | 0.0637 | 0.0318 0.0248 0.6060 1.8957 0.0621 0.0310 0.0242
2.9000 0.0007 0.6013 | 0.7876 0.6152 2.8955 0.0007 0.5997 0.7875 0.6152
0.3853 © | 1.9721. | 0.0 0.0 0.0 0.3853 | 1.9722 | 0.0 | 0.0 0.0
2.7000 0.0 0.5277 | 0.9354 0.3522 | 2.7000 0.0 0.5277. | 0.9354 0.3524

KO




Table 13. Flow properties in Rarefaction at t = 1.25 usec after
impact of a 2.5-cm-diameter projectile at 0.76 cm/usec
on an aluminum half-space based on (1) Double Inter-
polation and (2) Orthogonal Polynomials Least Square
Surface Fit with Double Interpolation after t = 1.1 usec.

L. - _ | (2)

Z T cos oao fj.n ao Z mr ) cTJ;" cxo ‘-m-r—éin“‘u
1.3242 0.3263 | 0.6768 -0.7362 1.3242 0.3263  10.6768 7| -B.7362
1.2029 0.2280 0.5801 ~0.8145 1.2029 1 0.2280 0. 5801 20,6145

_1.0816 0.1517 0.4834  ~0.8754 1.0816- 0.1517 0.4834 ~0.8754
. 0.9602 0.0929 0.3867 | -0.9222 0.9602 0.0929 0.3867 ~0.9222
0.8389 0.0493 0.2901 -0.9570 0.8389 0.0493 0.2901 20.9570
0.7176 0.0190 0.1934 -0.9811 0.7176 0.0190 0.1934 =0, 98 1T
0.5963 0.0012 0.0967 -0.9953 © 0.5963 0.0012 0.0967 0995 —
0.4750 | =0.0047 0.0000 ~1.0000 0.4750 . | =0.00%47 o 0000 0000
0.3537 0.0012 ~0.0967 ~0.9953 0.3537" 0.06012 o o587 T 5053
.0.2324 0.0190 -0.1934 -0.9811 0.2324 0.0190 0.1934 -0.9811
0.1111 0.0493 -0.2901 -0.9570 {01111 0.0493 -0.2901 -0.9570
]-0.0102 0.0929 ~0.3867 ~0.9222 ~0.0102 0.0929 —0.3867 =U92722
-0.1316 0.1517 ~0.4834 ~0.8754 -0.1316 0.1517 0. 5874 C5TETE
~0.2529 q.zzso ~0.5801 - | -0.8145 20.2539 02280 s T ooanns
|-0.3742 0.3263 -0.6768 ~0.7362 TG.3757 5.3263 oTEEE T -

=




Table 14,

Flow properties in Interior Region at t

1.11 usec

after impact of a 2.5-cm~diameter projectile at 0.76

em/ysec on an aluminum half-space based on (1) Double

Interpolation and (2) Orthegonal Polynomials Least
Square Surface Fit with Double Interpolation afte

t = 1.1 usec at 2 = -0.25 cm.

- 0.25cm T P | v e e a
i 0.0 1.0869 0.0 | 0.3800 4,2103 0.0722 .. 1.0038 |
_ 0.2500 1.0869 0.0 0.3800 4,2103 0.0722 1.0038 )
| ; 0.5000 1.0000 ™ 0.0011 0.3947 4,1232 0.0668 0.9832
(1) 0.7500 0.9432 0.0686 0.4380 4.1035 0.0579 0.9715__
1.0000 0.0 0.0 0.0 2.70000 0.0 0.5277
1.2500 0.0 0.0 0.0 2.7000 0.0 6.5277
1.5000 0.0 0.0 0.0 2.7000 0.0 015277
1.7500 0.0 0.0 0.0 2.7000 0.0 0.5277
o000 |00 0.0 0.0 27000 [ 0.0 0.5277
0.0 1.0869 0.0 0.3800 4,2103 0.0722 : 1.0038
£ 0.2500 1.0869 0.0 0.3800 4,2103 0.0722 ... 1.0038
(. 5000 0.9865 -0.0923 0.4746 4,1090 0.0660 0.9798
0.7500 1.6829 0.0102 0.7228 4.7963 0.0679 i 1.1264
(2) 1.0000 0.0 0.0 0.0 2.7000 0.0 ; 0.5277
o _1.2500 0.0 0,0 0.0 2.7000 0.0 i 0.5277
1.5000 0;0 0.0 0.0 2.7000 0.0 0.5277
1.7500 0.0 0.0 2.7000 0.0 0.5277 .
2.0000 a. 0.0 0.0 12,7000 0.0 0.5277




Table 15.

Flow properties in Interior Region at t =
after impact of a 2.5-cm-diameter projectile at 0.76

cm/usec on an aluminum half-space based on {1} Double

.l.ll usec

Interpolation and (2) Orthogonal Polynomials Least
Square Surface Fit with Double Interpolation after
t =1.1 usec at Z = 0,0 cm. -

Z=20,0cm r P 4] v _ 57- e ém i
L _10.0 1.0869 0.0 0.38000 4.2103 0.0722 1.0038
0.2500 1.0869 0.0 0.3800 4.2103 | 0.0722 | 1.0038
|, | 0.5000 0.7294 0.0887 0.4327 3.8222 0.0503 0.9100
(1) 0.7500 0.5505 0.1836 0.5982 3.5915 0.0396 0.8517
1.0000 0.1969 0.2836 0.7136 3.0808 0.0137 0.6937
1.2500 0.0 0.6041 0.3687 2,7000 0.0 0.5277
15000 0.0 0.2022 ~0,.1010 2.7000 0,0 0.5277_ |
1.7500 0.0 0.1250 -0.1445 2.7000 0.0 0.5277
2.0000 0.0672 0.0310 2. 7000 0.0 5277,
0.0 1.0869 0.0 0.3800 C4.2103 1 0.0722 1.0038
0.2500 1.0869 0.0 0.3800 4,2103 0.0722 1.0038
0.5000 0.6684 0.0649 0.4247 3.7487 0.0464 0.8914
. 0.7500 0.5433 0.2089 0.5837 3.5837 0.0390 0.8453
(2) 1.0000 0.1233 0.2851 0.6878 2.9268 0.0100 1T GTeLsag —
1.2500 0.0 0.5798 0.3784 2.7000 0.0 0.5277
1.5000 0.0 0.2384 -0.1266 2.7000 0.0 0.5277
1,7500 0.0 0.0790 ~0.1272 2.7000 0.0 I o0.5277
2.0000 0.0 0.7397 0.1453 2. 7000 0.0 0.5597




lTable 16.

Flow properties in Interior Reglon at t = 1.11 psec
after impact of a 2.5-cm-diameter projectile at 0.76
em/usec on an aluminum half space based on (1) Double
Interpalation and (2) Orthogonal Polynomials Least
Square Surface Fit with Double Interpolation after

t = l.l,useg ar 2 = 0.25 cm,

Z=0,25cm r P U ¥ 0 s a
0.0 1.0869 0.0 0. 3800 4.2103 0.0722 1.0038
0. 2500 0.9839 0.0272 0.3851 4.1059 0.0659 0.9791
| 0.5000 0.7084. 0.0902 0.3852 3.7971 0..0489 0.9037 .
" 0.7500 0.5403 0.1560 0.4163 3,5790 0.0388 08481
1 ‘
1y 1.0000 0.4323 0.2422 0.5445 3.4320 0.0315 0.8073
1.2500 0.2618 0.3301 0.2324" 3.1521 0.0215 0.7274 .
11,5000 0,1760 0.2720 o.oors | 330472 0.0120 | 0.6809
1.7500 0.1315 0.1172 ~0.0253 1.0716 0,002 0.6606_
2.0000 0.0 0.0 0.0 2.7000 .1 0.0 0.5277
170.0 1.0869 0.0 0.3800 4.2103 " 0.0722 1.0038 |
0.2500 0.9982 0.0263 0.4170 4.1207 0.0668 0.9826
©0.5000 0.6946 0.0922 0.3700 3.7806 0.0480 | 0.8995
0.7500 o 5285 o qsss 04120 3.5626 0.0381 0.8439
- 1.0000 0.4507 0. 2414 0.3557 3.4600 0.0325 | _0.8148
(2) . ,
1.2500 0.2818 0.3320 0.2294 3,1875...1.0.0226_.. .1.0.7380 ...
1.5000 0.1784 0.2771 0.0039 3.0516 0.0122 0.6825
1.7500 0.1331 0.1192 ~0.0361 3.0754 0.0025 0.6618
2.0000- 0.0 0.0 0.0 2.7600 0.0 0.5277

7




Table 17.

Flow properties in Interior Region at t = 1,11 usec

after impact of a 2.5-cm-diameter projecrile at 0.76

cm/Usec on an aluminum half space based on (1) Double
Interpolation and (2) Orthogonal Polynomials Least
Square Surface Fit with Double Interpolation after

t = 1.1 uysec at Z = 2.50 cm.
= 0.50 em r P 11 y e & &
0.0 1.0869 0.0 0.3800 4.2103 0.0722 1.0038
= 0.2500 1.0058 0.0224 0.3776 4.1284 0.0672 0.9845
\% 05000 ' 0.7873 0.0644 0.3560 3,8904 0.0538 0.9270
| 0.7500 0.6405 0.1002 0.3370 3.7108 0.0450 0.8823
(1) 1.0000. 0.5742 0.1362 0.3663 3.6236 0.0410 0.8600
1.2500 0.3283 0.1942 0.1842 3.2750 0.0246 0.7618
1.5000 0.2347 0.1758 0.0773 3.2145 0.0110 0.7219
1.7500 0.1343 0.0741 0.0354 3.0770 0.0026 0.6626
2,0000 0.0 0.0 0.0 2.7000 0 0.5277
B0 T 10860 1770.0 0.3800 C4U21063 7TV RL0722 T T T L0038 T
0.2500 1.0122 0.0136 0.3928 4.1350 0.0676 0,9860
0, 5000 0.7791 0.0687 0,3477 13,8810 0.0533 0.9246
{ 0.7500 0.6353 0.0971 0.3368 3, 7042 0.0447 0.8806
1.0000 0.5763 0.1374 0.3665 3.6261 0.0412 0.8607
(2) h 152500 0.3191 0.1977 0.1809 3.2574 (0. 0243 0.7572
B 1.5000 0.2371 0.1742 0.0802 '3,2194 0.0111 0.7233
1.7500 0.1428 0.0846 0.0336 3.0931 0.0028 0.6679
2,0000 0.0 0.0 0.0 2,7000 0.0 0.5277

HD




Table 18.

Flow properties in Interior Region at t

1.1 usec

after impact of a 2.5-cm~dizmeter projectile at 0.76

em/usec cn an aluminum half space based on (1) Double

Interpolation and (2) Orthogonal Polynomials Least
Square Surface Fit with Double Interpolation after

t = 1.1 usec at Z = 0.75 cm.

Z=0.75 cm” r P - U v o) ! e a
0.0 1.0869 0.0 0.3800 4.2103 0.0722 .0038
'0.2500 1.0575 0.0069 0.3782 4.1810 0.0704 .9969
0. 5000 0.8898 0.0374 0.3551 4.0054 0.0601 0.9550
0.7500 0.7535 0.0622 0.3208 3.8501 0.0518 0.9171
(1) 1.0000 0.6515 0.0859 0.3099 3.7372 0.0442 0.8867
1.2500 0.4555 0.1199 0.2073 3.5178 0.0276 0.8208
1.5000 0.3195 0.1068 0,1168 3.4168 0.0112 0.7720
1.7500 0.0 0.0 0.0 2.7000 0.0 0.5277
2.0000 0.0 0.0 0.0 2.7000 . | 0.0 0.5277
o 0.0 1.0869 0.0 0.3800 4.2103 0.0722 1.0038
0.2500. 0.9930 ~0.0229 0.3930 | 4.1156 0.0664 0.9814
0.5000 0.8864 0.0404 0.3514 4.1108 0.0599 0.9541
10.7500 0.7504 0.0603 0.3195 3.8462 0.0517 0.9162
) 1.0000 0.6505 0.0868 0.3100 3.7355 0.0442 0.8864
1.2500 0.4552 0.1210 0,2011 3.5168 0.0277 0.8263
1. 5000 0.3313 0.1054 0.1197 3.4382 0.0116 0.7778
1.7500 0.0 0.0 0.0 2.7000 0.0 0.5277
2.0000 0.0 0.0 0.0 2.7000 0.0 0.5277




Table 19.

Flow properties in Interior Region at t =

1.1 usec

after impact of a 2.5-cm~diameter projectile at 0.76
em/usec on an aluminum half space based on (1) Double
Interpolation and (2) Orthogonal Polynomials Least
Square Surface Fit with Double Interpolation after

t = 1.1 usec at Z2 = 1,00 om.
) . (1.0869 | 6.0 .. .|.0.3800 4.2103 | 0.0722, 1.0038
0.2500 1.0869— | 0.0 1 0.3800. | 4.2103.. . | 0.0722.... .| 1.0038
) 0.5000 1,0119 0.0131 0.3673 4,1346 0,0676 0.9860
@ | 0.7500 0.8990 | 0.0297 | 0.3359 4.0258 | 0.0593 | 6.9581
| 10000 0.7910 0.0414 0.3143 3.9271 0.0499 "0.9302
b 1.2500 0.6043 0.0512 0.2428 3.7526  10.0330__ | 0.8773
Jl.s000 G 0.0 0.0 1.0.0 2.7000 0.0 0.5277 ...
1.7500 0.0, 0.9 0.0 2.7000 0.0 0.5277
_ 2.0000 0.0 0.0 0.0 2.7000 0.0 - 0,5277
0.0 1.0869 | 0.0 o.3§po 4.2103 0.0722 1.0038
0.2500 1.0869 0.0 073800 5 I103 COT072Z2 | LL0038T
0.5000 1.0110 0.0122 0.3680 4. 1335 | 0.0676 0.9857
0.7500 0.8941 0.0332 0.3364 4.0203 70,0590 0.9568
1.0000 0.7734 0.0489 0.3178 3.9067 G.0458 VA
2 1.2500 0.6046 0.0551 0.2587 3.7552 ' 0.0328 0.8776
1.5000 0.0 0.0 0.0 2.7000 | 0.0 0.5277
1.7500 0.0 0.0 0.0 2.7000 0.0 0.s277
. 2.0000 0.0 0.0 0.0 2,7000 5.0 0.5277




Q@A JON INVTE 39Vd or1aa0TH

a2 = TN = N g

COMMON CASEID{14)4ITS1eITS2,ITS3,1TS49ITIL ITI2,IT13,1T14,EPS1,EPS
124 EPS34EPSAyEPSS+EPSGHEPIL,EPI2,EPI3,EPI4+EPIS,EPI6GL,EPITsVP4AR,LEN
1GTHs APR,BPRyBIGAPR,BIGBPR,ESTARyALPHAyBETA,RHOSTRyEPRS , RHOS

COMMON XMESH(20,2096)9XMESH2{20,2046)4Z(20),R(20),SURF(15,8) 4SURF2

1(15+8),TABU1591442)5 TAB2115414+2)9SPARTI15+2,2) +RARF{15,11),RARF2{
11544)4yRPART{15,2)

COMMON Z0,RO4PO4UD4V0OsLOsMO,RHOO:EQyAO,UBARD , VBAROD
COMMON NPaNT,NR NI NDEL,ISUB

COMMON ZMINy ZMAX RMINsRMAXsRADIUS,GZ +GR+DELTAH
COMMON DIRCOS

COMMON TIME
COMMON IRARF
COMMON KSTOP
COMMON TPSI1
COMMON KKK

REAL LO,MO,LENGTHyMU,KO
DOUBLE PRECISION PHI(20,2046)
KR=7

EPS=.0000001

KSTOP=0

FORMAT {1H1}

CALL DVCHK(KEY)

KICK=0

IF (KEY.EQ.1) GO TO 998¢C

DO 2 K=1,6
00 2 J=1,20
DG 2 1=1,20
XMESH(I,J4+K)}=0.
XMESH2(1,J+K)=0.

VANV WN-

24
25
26
27
28
29
30
31
32
33
34
35
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15

C1529
1530

CONTINUE
KR¥W=0
NUZON=0

WRITE (3,4)
DATA INPUT SECTION

FORMAT 152H1HYPEﬁVELUCITY IMPACT METHOD OF CHARACTERISTICS CODE///
1)
ID AND FX. PT. CONSTANTS

READ (148) CASEID»ITSYITS24ITS341TS4ITIL,ITIZ2HITI3,1ITI44NDEL
FORMAT (13A6,A2/913)
IRARF=IT12

FL. PT. CONSTANTS

READ (1415) EPS1.EPS2EPS3EPSA,EPSS,EPSH,EPILLEPI2L,EPI3L,EPI4,EPIS
1,EPI64,EPLT

READ {(1,14) NP,NT,NR

FORMAT (313)

READ (1415} APR:BPR,BIGAPR,BIGBPRJESTAR,ALPHA,BETA,RHOSTRSEPRS +REF
1L

READ (1+415) ZMIN,ZMAX,RMINyRMAX;GR,GZ,DELTA, VP LENGTH,RADIUS ¢HS5TAR
FORMAT (6E12.8)

READ (1,15) RST

IF (RST.GT.O0.) GO TO 16

REWIND 5

DO 1529 JTP=1,200

READ (5)TIME

IF{ABS(RST+TIME).LT..001) GO TO 1530

READ(5)8LOB

CONTINUE

CONTINUE

=7

36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

66
67
68
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71



1500

1501

16

10

18

[algNa)

KRW=1
READ {S){C{XMESH(T 3JyK)yI=1+20} 90214200 ¢yK=146)o{Z11},1=1520)(R(I])

LeI=14920) o CUSURFUT 413112150 30=1,8) o {{{TAB(I+JsK)sI=1,15}4J=1,14),

IK=2192) o ({RARFLUI4JYp1=21415)9d=lel]l) s TIMEZZMIN»ZMAX,RMIN,RMAX yGR,GZ,
1AR

DO 1500 J=1,20

DO 1500 I=1,20

DO 1500 K=1,6

XMESH2(14J¢KI=XMESH{ I,J,4K)

Do 1501 I=1,15

D0 1501 J=1,8

SURF2{15J)=SURF(I,J)

WRITE (3,145) TIME

CALL SQuUT

CALL PRINT(XMESHZ,Z:R,1)

KREFL=0

CONTINUE

WRITE (3,10) CASEIDy ITS1o1TS2,17S3,1TS4,ITIl,ITI2,1ITI3,1TI4,NDEL

FORMAT (1X13A6,A2/717TH SHOCK ITERATIONSAX414//720H INTERIGR ITERAT
LIONS3X,414/7/TH NDEL =,14/7/) ‘

WRITE (3,18) EPS1,EPS2+EPS3,EPS4,EPSS5,EPS6,EPI1LEPI2,EPI3,EPI44+EPI
15y EPI6sEPIToZMINLZMAXRMIN,RMAXDELTA,VP,LENGTH,RADIUS , APR,BPR,BIG
1APR,BIGBPRJESTAR,ALPHA,BETA,RHOSTR,EPRS,REFL

FORMAT (///738H ERROR CRITERIA FOR SHOCK COMPUTATIONS//SX8HDELTA Z1
18X8HDELTA R1IBXGHDELTA RHOTXTHDELTA E9XTHDELTA PIXTHDELTA U/6EL16.6/
1//741H ERROR CRITERIA FOR INTERIOR COMPUTATIONS//S5X8HDELTA ZIBXBHDE
1LTA RISXTHDELTA POXTHDELTA U9XTHOELTA VIXOHDELTA RHOTXTHDELTA E/TE
11646/7/75XGHIMINL2X4HZMAXE2 X4HRMINL 2X4HRMAX12X5SHDELTALLIX2HVP14X6HLE
INGTHIOX6HRADIUS/BELH6.6//75X2HAY14X2HBY14X6HBIG A'10X6HBIG B*lOXZHE
1*214XSHALPHALIXSHBETAL12X4HRHO*/BEL6.6//5X3HEY S13X4HREFL/2E16.6/7/)

IF (RST.LT.0.) GO TO 14C

STORE RHO* IN ALL XMESH

D0 22 J=1,20
DO 22 1=1,20

30

72
13
T4
75
16
17
78
79
80
8l
82
83
84
85
86
a7
88
89
90
91
92
93
94
95
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97
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99
100
101
102
103
104
105
106
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22
40

230

XMESH(TI,J4%4)=RHOSTR
FORMAT (5E12.8)

PROJECTILE SHOCK

CALL EQOS1(PRHO+PPP4PVV,PEE,TEE,TRHO,KICK]

IF (KICK.EQ.2200) GO TC 9980
DO 230 N=1,NP

TABI{N, 14 1)={ PRHO*PVV~RHOSTR*VP}*HSTAR/ { PRHO-RHOSTR)

EE=N~1

FNP=NP

TABIN 2+ 1)=RMINSEE*{ RADIUS~RMIN) /FNP
TAB{Ny3,1)=PPP
TAB{Ny4,1)=0.0
TABIN,:S5,1)=PVV
TAB{N;651)=PRHO
TAB{N, 7, 1)=PEE
TABIN+9+1)=0.0
TAB‘N!‘O!l"l.O
CONTYINUE

TARGET SHOCK

M=0

D0 240 N=1,NT

EE=N-1

FNT=NT~-4

TAB(Ny 24 2)=RMINSEE*{RADIUS~-RMIN) /FNT
TAB{N,7,+2)=TEE

TADB(Ny5,2)=TRHO

TABIN,3,2)=pPP

IF (TAB(N,2,2).GT.RADIUS) GO TO 250
TABIN: 1, 2)=TRHO*PVVXHSTAR/{ TRHO-RHOSTR)
TABIN4421=0.0

TAB(N,5,2)=PVVY

TABI{N:9,2)=0.0

3/

108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143



250

240

205

210

220

TAB{N4+10+2)=1.0

60 Ta 240

EF=M
TAB(N:9+,2)=SIN(.5236+EF%,.2618)
TABIN,10:2)=COS( .5236+EF*,2618)
TABIN:442)=PVVXTAB(N49,2)
TABI{N,:5,2)=PVYVETAB(N,1(,2)
TAB(N,1,21=TAB{141,2)1%TAB(N,10,2)

TAB(Ny2,2)=RADTUS+TAB(1+1,2)*TAB(N,9,2)}

M=M+]1
CONT INUE

RAREFACTION

CALL EQOS2(PPP,.PRHO,PEE)
EE=NR-1
ADEL=(TABI(1,1,2)-TAB(1,1,1})/CE
RARFI{l1,1)=TAB(1,1,2)
DO 205 N=2.,NR
RARF(N,1)=RARF{N~-1,1)-ADEL
CONTINUE
DO 210 N=z=]1,NR
RARF{N,10)={RARF(N,1)/HSTAR-,5%VP} /AR
RARFIN9)=-SQRT{1.-RARFI{Ns10)%%x2)
RARF(N,2)=RADIUS+HSTAR*AR*RARF(N,9)
CONTINUE
DO 220 N=1,NR
RARFI(N+3)=TAB(1+3»1)
RARF(N,41=0.
RARF(N,5)=TAB(1,5,1)
RARFI{N,6)=TABl1,6,1)
RARFIN,7TI=TAB{1,7,1)
CONTINUE

REGION INTERIOR TO SHOCKS
I=—-IMIN/GZ+1.2
J=0

T

144
145
146
147
148
149
150
151

152

153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179



260

s NaNal

50

51
5000

5003
50C1

J=J+1
XMESH(I+Js1)=PPP
XMESH{1,J,3)=PVV
XMESH{ 1,Jy4)=PRHO
XMESH{I+Js5)=PEE
EE=(J-1)

IF {(EE*GR-RADIUS).LT.-EPS) GO TO 260

XMESH(1,J41)=0.
KHESH{I.J,#]=RHUSTR
XMESH({I,Js51=0.

FREE SURFACE

DO S0 I=1.NP
SURF{I,+1)=-LENGTH+VP*HSTAR
SURF{1+2)=TAB{1:2+1)
SURF(I,3)=0,.

SURF{I,4)}=0.

SURFI(I,5)=VP

SURF{I 6)=RHOSTR
SURF(I,7)=0.
SURF{1,8)=SQRT(BIGAPR/RHDOSTR}
CONTINUE

DO 51 I=1,NP

DO 51 J=1,8
SURF2{1,J)=SURF(1,J}

IF (NUZON.EQ.0O) GO TO 5001
GR=GR*2,

G2=06G1%2.

IMAX=ZMAX®2 ,~ZMIN
RMAX=RMAX®2,

NUZON=1

WRITE (3,5003)

FORMAT (7TH REZONE/Z//)
CONTINUE

73

180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
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214
215
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5100

5101

57

59

61
63

65

D0 55 1=1,20

EE=1-1

Z{1)=2ZMIN+EE*G2Z
R{I)=RMIN+EE*GR

CONTINUE

IF {NUZON.EQ.0) GO TO 5101
be 5100 I=1,10

DO 5100 J=1,10

DO 5100 K=1,6

L=2%]~1

M=2%J~1
XMESH{I+JsK)=XMESH{L ,M,K )
CONTINUE

GO TO 157

CONTINUE

COMPUTE A FOR 2 SHOCKS AND MESH

00 86 K=1,3

GO0 TO (57459,61),K
NN=NP

JJd=1

GD TO 63

NN=NT

JJI=1

60 TQ &3

NN=20

JJ=20

DO 84 N=1,.NN

Do 82 J=1,J4J

GO TO (659654681 ,4K
P"‘—‘TAB(N’ 3,“’
RHO=TAB{N, 6.+K)
E=TAB{N,7:K)

GO 7O 70

216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251



68

70

94
95
93

96

P=XMESH{JyN,1)
RHO=XMESH{ Jy Ny 4}
E=XMESH({JyN, 51}

CONT INUE

CALL EQOS3{RHO,AALE,P)
GO TO {76,76,78}),K
TAB{N,B,K)=AA

GO TO 82
XMESH{ JsN, 6)=AA
CONTINUE

CONTINUE

CONTINUE

KICK=86

CALL DVCHK{KQ)

IF {KQ.EQ.1) GO TO 9980

STORE A FOR RAREFACTION

DO 90 I=1,NR
RARF{I,8)=AR

COMPLETE SHOCK TABLES

DO 99 K=1,2

GO TO 192,+94).K
NN=N?P

G0 70 95

NN=NT

us=0.

DO 97 N=1,NN

G0 TO (93,98)+K
CONTINUE
US=VP*TABI{N,10,1)
CONT INUE

TABIN, 11 4K)=TABINs oK) *TAB (N4 K}+TAB(N,10»KI*TAB{N,5,K)
TAB(Ny12,K)=TABIN; 9, KI®TAB(N,5,K)=TAB(Ny 10, K)*TAB{N444K)

252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
212
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287



135

139

140
142
143
145

9399

X2z Xz)

TAB(Ny134K)=({TABIN, 65 K)*ABS(TAB(N,11,K)))/{TAB{N,y&64K)~RHOSTR)-US)
le(=1.)%*K

TAB(Ny14,K)=1.

CONTINUE

CONTINUE

STORE ALL XMESH IN XMESH2

DO 135 K=1l.6

DO 135 J=1,420

D0 135 I=1,20

AMESH2 (T ¢ JoKI=XMESH( 1,J,K)

CONTINUE

TIME=HSTAR

WRITE (3,145) TIME

CALL SouT

CALL PRINT(XMESHZ2yZsRy1}

CALL PRINT{(XMESH2,Z,Ry1,PHI,NMAX,MMAX)

KREFL=0
IF (KREFL.NE.O) GO TO 143
ENTRY FOR TIME STEP

READ (1,142) H

FORMAT (E12.8)

CONTINUE

TIME=TIME+H

WRITE {3,145) TIME

FORMAT (1HL1//776H TIME=,E15.8///)
WRITE (3,999) KR

FORMAT (5Xs4H KR=,15)

ADVANCE SHOCK POINTS

ES

288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304

306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322



156

154
150
159

155

158
157

510

515
516

DO 159 N=1,NP

IF (TAB(N,14,1).LT.0.) GO TO 156

IF {{TVAB(Ns1,1)=-SURF{N,1)}.GT.EPS}) GO TO 154
TAB2(Ns1,1}=TAB(N,1,1)

TAB2{N,2:,13=TABIN,2,1)

TAB{Nyl4,1)=—1.

GO 10 159
TAB2(Ns1s1)=TABINs Lo L)4+TAB(N413, ) 2H*TAB(Ns10s1)=VP*TAB{N,9,1}%TAB
L(Ns10,1}*H
TAB2{N,2+1)=TAB{Ny 29 L}+TAB{Ny 13, 1) *H*TAB(NsD91)~VPRTABINy T 1} %¥2%H
CONTINUE

DD 155 N=14NT

TAB2{N+1,2)=TAB{N;1,2)+TAB(N,13,2)*H*TAB(N,10,2)
TAB2(Ny2+2)=TABINy292)+TABINs 13,2} *H*TABI(N,9,2)

DO 158 M=1.NT

IF (TAB2{M41,2).GT.ZMAX} GO TO 5000

IF (TAB2(M,2,2).6T.RMAX) GO Ta 5000

CONT INUE

NUZON=0

ADVANCE RAREFACTION

IF (RARF{142).LT.0.)IRARF=1

IF {IRARF.EQ.1) GO T0O 516

ENR=NR~1
ADEL=(TAB2(141,2)-TAB2(14s1,1)}/7ENR
RARF2(1.,1)=TAB2(1:1,2)

DO 510 N=2,NR
RARF2(Ny1)=RARF2(N-1,1)-ADEL
CONTINUE

00 515 N=1,NR
RARF2{N,3)={RARF2(N,1)/TIME~,.5%VP) /AR
RARFZ(Ns4)==SQRTIL.—RARF2IN,3}%%2)
RARF2(Ny2)=RADIUS+TIME®AR®RARF2{N,4)
CONTINUE

CONTINUE

CALL SHOCK

27
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324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
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352
353
354
355
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520

525

530
531

568
569

5300

(e Na [z EaRalel

IF (ITS3.EQ.1} GO TO 569
SHOCK COMPUTATIONS COMPLETED
COMPUTE PARTICLE CURVES

TMP=,.5%VP*H

DO 520 N=14NP
SPART(N¢1+1)=TAB(Ny1s1}+TAB(NsS,1)*H
SPART{N+2+1)=TAB(N42,1)+TAB(Ny4,1)*H
DO 525 N=14NT
SPART{Ns1,2)=TAB(N,;1,2)}+TAB(N,5,2) *H
SPARTING2+2)=TAB(Ny242)+TABINy 4y 2) *H
IF (IRARF.EQ.l) GO TO 531

DO 530 N=1sNR
RPART{N,LI=RARF(N,1)+TMP
RPART{N,2)=RARF(N,2)

CONT INUE

CALL S0UT2
CONTINUE
ADVANCE PROJECTILE REAR SURFACE
DO 5300 I=1.NP
b0 5300 J=1,8
SURF2(IyJ}=SURF{I,J)
KICK=568
CALL DVCHK({XQ}
IF (KQ.EQ.1) GO TO 9980

START INTERIOR REGION COMPUTATIONS

CALL INTER
CALL INTER(PHI,NMAX,MMAX)

INTERTOR REGION COMPUTATIONS COMPLETED

28

359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
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393
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920

930

940

950
951

959
960
77

980

CALL PRINTUIXMESHZ2,2Z,:R,2)

CALL PRINT{XMESH2,2,Ry2,PHI ;NMAX¢MMAX)

CONTINUE

INITIALIZE FOR NEXT TIME STEP

DO 920 K=1,6

DO 920 J=1,20

D0 920 I=1,20

XMESH( T3 s K)I=XMESH2( 14J4K}
CONTINUE

DO 930 J=1,13

DO 930 I=1,NP
TAB(I+J,11=TAB2{1+Jy1)}
CONTINUE

DO 940 J=1,13

DO 940 I=1,NT
TAB(I,J,2)=TAB2(1,4,2)
CONTINUE

IF CIRARF.EQ.1) GO TO 951
DO 950 I=1,NR
RARF(Is1}=RARF2{I,1)
RARF(I,2)=RARF2(1,2}
CONTINUE

CONTINUE

DO 960 I=1,NP

DO 959 J=1,+5
SURF(I+J1=SURF2(I+J)
CONTINUE

CONTINUE

IF {(KREFL.EQ.O0) GO TO 980
KREFL=0

H=H1

GO TO 143

CONTINUE
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394
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398
399
400
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403
404
405
406
407
408
409
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415
416
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418
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9270

9980
9985
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GO OO0

CALL DVCHK{KICK)

IF {(KICK.EQ.2) GO TO 140

WRITE (3,970}

FORMAT (28HODIVIDE CHECK AT END OF CASE/1H1)
CALL EXIT

DIVIDE CHECK

WRITE {3,9985) KICK

FORMAT (32HODIVIDE CHECK NEAR STATEMENTY NO.,I5/1H1)
RETURN

DEBUG SUBCHK

END

SUBROUTINE DBLTRP{ZX,RXyANS)

1ST ORDER DOUBLE INTERPOLATION THAT CONSIDERS
LINES OF DISCONTINUITY IF IN CONSIDERED REGION

COMMON CASEID(14) o ITSLeITS241TS3,1TS4,ITI1,ITI2,ITI3,ITI4,EPS]1,EPS
12+EPS34EPS4L EPSSEPSH,EPILL,EPIZ2LEPIIEPLI4EPIS,EPLIGLEPITyVP4AR,LEN
LGTH, APR, BPR, BIGAPR ;B IGBPR4ESTARyALPHABETARHOSTR+EPRS»RHOS

COMMON XMESH{20320,6) s XMESH2{20,20+6),2120)+R{20)+SURF(15,8),SURF2
1(1548) 2 TAB(15514,2),TAB2{15,14,2}»SPART(15,2+2)sRARF{15,11),RARF2(
115,4),RPART(15,2)

COMMON 20+R0+P0O,U0,VO4LO+sMO4RHOO,EQ0,A0,UBARO,VBARD
COMMON NP4NTNRoNIyNDEL,ISUB

COMMON ZMIN,ZMAX,RMIN,RMAX,RADIUS,GZ,GR,DELTA,H
COMMON DIRCOS

COMMCON TIME

COMMON IRARF

COMMON KSTOP

COMMON TPSI

0

447
448
449
450
451
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COMMON KKK
REAL LO,MO,LENGTH,MU,KO

DIMENSION ANS¢(6),ANS102+8),ANS2{2,8),2I{4)RI(4),IK{4)

CALL DVCHK(KEY)

IF (KEY.EQ.2) GO TO 4
NO=0

60 TO 940

FIND SUBSCRIPTS FCR GRID

I1=(ZX-ZMIN}/GZ+1.000001
12=11+1
J1=(RX-~-RMIN)/GR+1.000001
J2=Jd1+1

NN=NP

IF {ITS3.£Q.1) GO TO 3
DO 1 K=1,2

IF {K.EQ.2)INN=NT

DO 1 I=1,NN
ALF=2SQRT({TABII»1,K)=ZX) *¥24+{TAB(I 42K} =~RX]1%%*2)
IF (ALF.GTLEPS1) GO TG 1
ANSU1)=TAB(1,3,K)
ANSU2)=TAB{ 1 ,44+K)
ANS{3)=TAB(1,5,K)
ANSU4)=TABII 64+K)
ANSIS)I=TAB(I,7,K}
ANSL6)IsTABII,8,K)

RETURN

CONTINUE

IF ¢IRARF.EQ.1) GO TO 3
DO 2 I=1.NR
ALF=SORTUIRARF{ I +1}-ZIX)*¥2+(RARF{I,2)-RX)*%2)
IF (ALF.GT.EPI1}) GO TC 2
ANST{1)}=RARF( 1,3}
ANSU2)=RARF(1,44}

/4

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

50
51
52
53
54
55
56
57
58
59



OOWN

eNalel

ANS(3)=RARF(I,5)
ANS(4)=RARF{1,6}
ANS(S)=RARF(I,7)
ANS(6)=RARF(I,+8)
RETURN

CONTINUE

CONT INVUE

IXX=2X+.01
RXX=RX+.01

I LOOP FOR UPPER AND LOWER Z GRID LINES

00 800 I=1,2

If (ITS3.EG.1) GO TO 14
IF (1.EQ.2) GO TO 8

I11=11

GO 70 12

I11=12
M=COMP(ZXsRXoZ(IT},R(J1)})
IF (M.EQ.1) GO TO 13
MCOM=1

G0 TO 20

MaCOMP (ZX+RXSZ(TI},R{J2}Y)
IF {M.EQ.1) GO TO 14
MCOM=2

G0 TO 20

GET 6 VALUES ON GRID LINES
DO 15 K=1,6

ANSIUT K42 )1=XMESHUIT 1 oK)+ (XMESHIIT 4324 K)=XMESH(ITJ1,K})*{RX-R(J

113Y/7(R1J2)=-R{JY))
CONTINUE
CALL DVCHK{ND?

73

60
61
62
63
64
65
66
67
68
69
70
71
72
73
T4
15
76
T7
18
19
80
81

83
84
85
86
81
88
89
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91
92
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94
95



21

22
23

21¢

212

213

IF {(NO.EQ.2) GO TO 17
NO=15

60 TO 940
ANS1(I,1)=Z1{11)
ANS1(1I,2)=RX

GO0 10 800

I17=7¢11})

RR=RX
M=COMP(ZIX4RX,ZZ4RR}
IF (M.EQ.1) GO TC 300

DO 25 K=1,2
KATCH=0

GO TO (21,22),K
NN=NP

GO YO 23

NN=NT

JJJ=NN-1

DO 24 M=1,JJ4J

IF (M.EQ.JJJ) GO TO 210

IF (RX.GT.TAB{M#*1,2,K).0R.RX.LT.TAB(M,2,K)} GO TO 24
ZICK)=TAB(M+1,14KI+(TABIM; 1K)~ TAB!H+1:1;K!)*IRK TAB(M+1,2,K))/(TA
1B(My 24K)-TAB(M+1,2,K]))}

NO=210

CALL DVCHK{KQ}

IF {KQ.EQ.1) GO TO 940
IF (1.EQ.2) GO TO 211

IF (KATCH.EQ.1) GO TO 212

KATCH=1
GO 10 213

IF ((ZX=Z1(K)).GT.(ZX~ZM}) GO TO 24

IF (ZI1(K).GT. ZX) GO TO 24

IM=Z1{K)
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105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131



215
211

26

24

25

IF (K.EQ.2) GO TO 215

NPS=M

60 TO 24

NTS=M

GO TO 24

CONTINUE

IF (KATCH.EQ.1) GO TO 26
KATCH=1 v
60 T0 213 ‘
IF ((ZI{K)=IX).GT.{ZM=-ZX)) GO TO 2
IF (ZI(K}.LT.ZX) GO TO 24
€0 TO 213

CONT INUE

ZI(K)=2M

IF (KATCH.NE.O) 60 TO 25
Z1{K)=ZMAX+]1.

CONT INUE

IF {IRARF.EQ.L)ZI{3)=ZMAX+]1.
IF (IRARF.EQ.1) GO TO 2504
KATCH=0

JJJI=NR-1

DO 27 M=14444

ZI(3)}=RARFIM+141)+(RARF(My1)-RARFIM+1,1) ) *(RX-RARF{M+1,2))/(RARF(M
1,2)-RARF{M+1,2})

NO=25

CALL DVCHK(KQ)

IF (KQ.EQ.1) GO TO 940

IF (ABS{Z1(3)-IX).GT.1.E-5} GO TO 279
DO 2799 LN=1,6

LNN=LN+2

ANS{LN)=RARF{1,LNN)

2799 CONTINUE

279

GO TO 820

CONTINUE

IF {1.€EQ.2) GO YO 28

IF (21(3}).GT.ZX) GO TO 27

Y

132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
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162
163
164
165
166
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280
281

28

282

27

2504

2710

2712
2713

2711

IF {KATCH.EQ.1) GO TO 280
KATCH=1

GO YO 281

IF {(ZX-Z1(3)).6T{ZX~-ZM)} GO TO 27
IM=21(3)

MR=M

60 TO 27

IF (ZI1(3).LT.2IX) GO 7O 27
IF {KATCH.EQ.1}) GO TO 282
KATCH=1

G0 T0 281

IF ((ZI(3)=-IX).GT.(ZM=2ZX}) GO TO 27
GO TO 2381

CONTINUE

Z1(3)=IM

CONTINUE

KATCH=0

K=4

JJJI=NP-1

DO 2700 M=1,JJJ

If (M.EQ.JJJ) GO TO 2710

IF fRX.GT.SURFI{M+1,42).0R.RX.LT.SURF{Ms2}) GO TO 2700
Z1(4)=SURF(M+141)+(SURF{My1)~SURF{M+1,1) }*(RX-SURF{M+1,2))/(SURF{M

1:2)=SURF(M+1,2)}

IF (XQ.EQ.1) GO TO 940
CALL DVCHKI(KQ)

NO=2710

IF (1.EQ.2) GO TO 2711

IF {KATCH.EQ.1) GO TO 2712
KATCH=1

60 TO 2713

IF ({ZIX-Z21(K)).GCT.{IX=~ZIM)) GO TO 2700

IM=21(4)
MS=M

60 TO 2700
CONTINUE

“5

168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203



2726
27100

2701

OO0 WOo

3

KN

OOO

5
0

IF (KATCH.EQ.1l) GO TO 2726
KATCH=1
G0 TO 2713
IF ((ZI{K}=ZX).GCT.(ZM=-ZX}) GD TO 2700
GO 7O 2713
CONTINUE
I1(4)=2M
IF (KATCH.NE.O) GO TO 2701
ZI(4)=2IMAX+],
CONTINUE
RI(1)=RX
RI(2)=RX
RI{3}=RX
RI(4}=RX
FIND INTERSECTION TO USE

KEY=0
IF (1.EQ.2} GO TO S50

UPPER GRID LINE

D0 40 KK=1,4

IF (Z(II).GT.ZIIKK)) GO TO 40

IF {ABS{ZI{KK}I~ZX).lT.1.E~5) GO TO 35
IF (ZI({KK)}.GT.ZX)} GO TO 40

IF (KEY.EQ.0) GO TO 35

IF (ZI(KK).LE.ZI(KEEP)) GO TO 40
KEEP=KK

GO TO 40

KEEP=KK

KEY=1

CONTINUE

60 TO 65

LOWER GRID LINE

e

204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239



50

55
60
65
67

~N&SO0

71
72

DO 60 KK=1l44
IF (Z{T11).LT.ZI(KK)) GO TO &0

IF (ABS{ZI(KK)-ZX).LT.1.E~5) GO TO 55

IF {ZI(KK}.LT.ZX) GO TO 60

IF (KEY.EQ.0) GO TO 55

IF (ZI(KK).GE.ZIt{KEEP}) GO TO 60
KEEP=KK '

G0 70 60

KEEP=KK

KEY=1

CONTINUE

IF (KEY.NE.O} GO 7O 70

WRITE (6467} IXsRXpTo(ZI(KEY) KEY=1,4) {RI{KEY) KEY=104}
FORMAT (34HOERROR NEAR STATEMENT 65 IN DBLTRP/IX3HIX=9EL5.844X3HRX
1=9E15.894X2HI= 13/ 1X3HZ1=44E20.8/1X3HRI=44FE20.8/1H1)

X\’Zﬂ"z.
ZY¥YX=SQRTIXY1)
CALL EXIT

FIND 6 VALUES ON SELECTED DISCONTINUITY

IF (KEEP.EQ.3) GO TO 80
IF (KEEP.EQ.4) GO TO 81
IF (KEEP.EQ.2) GO TO 71
N=NPS

60 TO 72

N=NTS

CONTINUE

ZY=ZI{KEEP)

RY=RX

DO 75 K=3,8

ANSLUIsKI=TAB(NsK,KEEP )} +(TAB(N+1+K4KEEP)~TABIN+K,KEEP} ) *SQRT({(RY~-
ITABINy 2, KEEP ) ) 2% 24 ( ZY-TAB(Ny 1, KEEP) } %2} /(L [TAB(N+1,2,KEEP)}-TAB(N,2
1+KEEP) ) *#24(TAB{N+1, 1,KEEP)-TABIN,1,KEEP) ) *%2))

NO=75
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240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
212
213
274
275



15
80

85
81

86
90

CALL DVCHK(IKQ)

IF (KQ.EQ.1) GO TO 940

CONTINUE

60 TO 90

N=MR

ZY=2Z11(3)

RY=RX

D0 85 K=3,8
ANSI(I+K)=RARF(N,K}+(RARFIN+1,K)~RARF{N,K) ) *SQRT({ {RY=RARF(N,2) ) %%
12+4{ZY-RARF{N¢1})%%2) /{ (RARF{N#1,2)=RARF(N42) }**2+¢(RARF(N+1,1)=-RARF
1{Ns1))%*%2))

NO=85

CALL DVCHK(KQ)

IF (KQ.EQ.1) GO TO 940

CONTINUE

6Q T0 90

N=MS

¥=11(4)

RY=RX

PO B6 K=3,8
ANSLEI+K)I=SURF(N,K)+(SURF(N41,K)=SURF{N,K))#SQRT({{ {RY~SURF{N,2) ) %%
12+(2Y~SURFI{Ns1)) %52} /{{SURFIN+1,2) ~SURFIN,2) ) %%2+{ SURF(N+1,1)-SURF
LIN,11})%%2))

CONTINUE

CALL DVCHK{NO}

1F (NO.EQ.2) GO TO 92

NO=90

GO YO 940

ANS1(1I,1)=2Y

ANSL1(I,2)=RY

GO TO 800

FINO INTERSECTIONS OF 3 DISCONTINUITIES AND Z GRID LINE

CONTINUE
KATCHP=0

ad

276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311



303

301
302

3030

3031

3022

304
3050

3040

305

KATCHR=0
KATCHT=Q
KATCHS=0

DO 310 K=1,2
KATCH=0

GO TO (303+301).K
NN=NP

G0 TO 302
NN=NT

JJJ=NN-1

DO 309 M=1,JJ4

IF ({TAB{My1,K)-TAB(M+1,1,K}).CGT.1.E~6) GO TQ 3030

GO TD 309

RI(KI=TAB(M+1,2,K)+{TABIM,2,Ki-TAB(M+1,2,K))*(Z(II)-TAB{M+1,1,K)}/

1(TABIMy1+K)=-TAB{M+1,1,4K))
CALL DVCHK{NO}

IF (NO.EQ.2) GD TO 3031
NO=3030

G0 TD 940

CONTINUE

IF (M.£EQ.JJJ) GO TO 3022

IF (RI(K)oCGT.TABI{M#1,2,K).0R.RI(K) LT.TABIM,2,K)} GO TO 309

IF {MCOM.EQ.2) GO TO 305
IF {KATCH.EQ.1) GO TO 304
KATCH=1

GO TO 3050

IF {((RX-RItK)}.GT.{RX-RM)} GO 7O 309

RM=RI{K)

IF (K.EQ.2) GO TO 3040
MPS=M

KATCHP=1

GO TO 309

MTS=M

KATCHT=1

GO TOD 309

CONT INUE
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312
313
314
315
316
317
318
319
320
321
322
323
324
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326
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328
329
330
331
332
333
334
335
336
337
3a3s
339
340
341
342
343
344
345
346
347



306

309

310

3122

317
3051

316

IF {KATCH.EQ.1l) GO TO 306
KATCH=1

GO TO 3050

IF ((RI{K}=RX).GT.{RM=RX)} GO TO 309
GO TO 3050

CONTINUE

RI(K)=RM

IF (KATCHJNE.O) GO TO 310
RI{K )}=RMAX+].

CONTINUE

K=3

IF {IRARFLEQ.1)RI{3)=RMAX+1.
IF (IRARF.EQ.1) GO TO 315
JJJ=NR~-1

KATCH=0

DO 312 M=1,JJ44

RI(3)=RARF(M+1,2)+{RARF(Ms2)}-RARFIM#1,2))1¥(Z(I1)-RARF(M+1,2))/(RAR

1F({M; 1)-RARF{M+1,11)

NO=3122

CALL DVCHK{KQ)}

IF (KQ.EQ.1} GC TO 940

IF - {M.EQ.JJJ.OR.M.EQ.1) GO TO 3122

IF (RI(K}.GT.RARF{M+1,2}.0R.RI(K).LT.RARF(M,2)} GO TO 312

IF (MCOM.EQ.2) 60 TO 316
IF (KATCH.EQ.1) GO TO 317

KATCH=1

60 TO 3051

IF ((RX-RI(K}).GT.(RX-RM)) GO TO 312
RM=R 1{K)

MR=M

KATCHR=1

60 TO 312

CONT INUE

IF (KATCH.EQ.1) GO TO 318

KATCH=1

60 TO 3051
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348
349
350
351
352
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355
356
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358
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360
361
362
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364
365
366
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318

312

315

3130

3123

3104
31409

3105

3106
3150

IF ((RI{K)~RX).GT.(RM=RX)} GD TO 312
GO TO 3051

CONTINUE

RI{K)}=RM

IF (KATCH.NE.O} GO TO 315
RI{K)=RMAX+].

CONTYINUE

KATCH=0

JJI=NP~1

DO 3150 M=1,JJ4J

- IF (¢SURF(My1)-SURF(M+1,1)).6GT.1.E-6) GO TO 3130

GO TO 3150

RI{4)=SURF(M+1,2)}+(SURF(M,2)~- SURF(H+1,2!)*(Z(II! -SURF{M+1+1))/(SUR

1F{My 1)-SURF{M+1,1))
NO=3130

CALL DVCHK({KQ)

IF (KQ.EQ.1) GD TO 940
IF {(M.EQ.JJJ)Y GO TO 3123

IF (RI{4).GT.SURF({M+1,2).0R.RI(4).LT.SURF{M,2)) GO TO 3150

IF (MCOM.EQ.2) GO TO 3105

IF (KATCH.EQ.1) GO TO 3104

KATCH=1

60 TO 3109

IF {{RX-RI1(4)).GT.(RX=-RM)) GO TO 3150
RM=R11{4)

MS=M

KATCHS=1

GO TO 3150

IF (KATCH.£Q.1) GO TO 3106

KATCH=1

GO TO 3109

IF {(RI{4}-RX).GT.(RM=RX)) GO TO 3150
G0 YO 3109

CONTINUE

RI(4)=RM

IF (KATCH.NE.O) GO TO 3107

S/
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3107

oOO0

N Realalel

RI{4)=RMAX+1.
CONT INUE
IF (KATCHP+KATCHT+KATCHR+KATCHS.EQ.0) GO TO 485
ZI(1)=2(11)
Z1(2)=2(11)
Z1(3)=2(11)
2it4)=2(1I1)
J LOOP FOR LEFT AND RIGHT R GRID LINES

DO 700 J=1.2
IF (J.EQ.2) GO TO 350

LEFT R GRID LINE

JJ=J1

KEY=0

DO 340 N=l+4

IF (R{J1).GT.RI{(N}) GO TO 340
IF (RI{N}.GY.RX} GO TO 340

IF (KEY.EQ.1} GO YO 330

KEY=1

KEEP=N

GO TO 340

FIND CLOSEST
DIF1=RX-RI{KEEP)
DIF2=RX=-RI(N}

IF (DIFL.LE.DIF2)} GO TO 340
KEEP=N
CONTINUE
GO TO 375
RIGHT R GRID LINE

JJ=J2

S
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355

360
375
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KEY=0

DO 360 N=1,4

IF {R{J2)}.LT.RI(N}) GO TO 360
IF (RI(N).LT.RX) GO TO 360

IF (KEY.EQ.1l) GO TO 355

KEY=1

KEEP=N

.60 TO 360

DIFI=RI(KEEP)=-RX
DIF2=RI(N}~-RX

IF (DIF1.LE.OIF2) GO TO 360
KEEP=N

CONTINUE

IF (KEY.EQ.1) GO TO 400

NGO POINTS BETWEEN RX AND GRID POINTS

ANS2(J,1)=Z2(11)
ANS2(Jy2)=R{JJ)
ANS2{Js3)=XMESH{II,JJs1}
ANS2{J44)=XMESH(II,JJ,2}
ANS2(Jy51=XMESHIIT,J3,3)
ANS2(J46)=XMESH( 114004 4)
ANS2(J s 7)=XMESHII1+JJ+5)
ANSZ2(J+8)=XMESH(IT4JJy6)
GO TO 700

POINT FOUND BETWEEN RX AND GRID POINTS

GO TO (405+410,470,481}),KEEP
INTERSECTION ON PROJECTILE SHOCK
N1=MPS

RY=RI(KEEP)
Zy=2(11})

o>

456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
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484
485
486
487
488
489
490
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485
488

neaoo

60 TO 520
INTERSECTION ON TARGET SHOCK

N1=MTS

‘RY=RI(KEEP}

Iy=72{11)
GO TO 520

INTERSECTION ON RAREFACTION

N1=MR
RY=R I {KEEP)
ZY=Z(11)

GO TO 520

ENTERSECTION ON FREE SURFACE
N1=M5
RY=RI(KEEP)

Y=7(11)
G0 TO 520

WRITE (3,488) KEEP,II,JJsZXyRX

FORMAT (25HOERROR NEAR STATEMENT 485/LXSHKEEP=,14,4X3MHI1=,14+4X3HJ
1J=9 14/ 1X3HIX=yE15.8y 4X3HRX=4yE15.8/1H1)

CALL EXIT
FIND TABLE VALUES
IF {KEEP.EQ.3) GO TO 580

IF (KEEP.EQ.4) GO TO 591
DO 550 N=3,8

ANSZ(J'NI=TAB(N11N9KEEP3+1TAB(N1+1oNfKEEP}-TAB(vaNyKEEP')*SQRT(((
LRY-TAB(N1y2,KEEP) ) %24 (ZY-TAB(N1,1,KEEP) )**2}/( (TAB(N1+1,2,KEEP)~T

>

492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
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516
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550

552

551

580

590
591

592
639

605

OO
o
o

1AB(N1y 2, KEEP))**2+{TABINL+141,KEEP)~TABINL,1 .KEEP) ) *%2))

CONT INUE ‘

IF (ZXeLTe0.eANDABS (RX-RADIUS}.LT.1.E-6) GD TO 552

IF (RXJLTLRADIUS.OR.ABSIZ{II)}.GT.1.E~6) GO TO 551

CONTINUE

ANS2(J,3)=0.

ANS2(Jy6)=RHOSTR

ANS2(J,7)=0.

ANS2{J»8)=SQRT(BIGAPR/RHOSTR]}

CONTINUE

60 TO 600

DO 590 N=3,8

ANS2 (JsNI=RARF{NLyN)+{RARFINL+1,N)-RARFINLyN})*SQRT({ ({RY-RARF{N1,2
11)%%24(ZY=-RARF(N1,1))%%2)/((RARFINL+1,2}-RARF{N1,2))**2+(RARF(N1+1
Ly} -RARF{NLl,1))*%x2}}

CONT INUE

G0 TO 600

DO 592 N=3,8
ANS2{J¢NI=SURFINLyN)+(SURF{NL+1+N}-SURF{NL,N)I*SQRT{{(RY-SURF(Nl,+2
1))*%2+4 (ZY~SURF(N1, 1) )%%2) /({SURF(N1+1,2)-SURF(NL1,2) ) *¥*2+(SURF(N1+1
191)-SURF(N1s1})%22))

CONTINUE

CALL DVCHK{INO}

IF (ND.EGQ.2) GO TO 605

NO=600

GO TO 940

ANS21{J,1)=2ZY

ANS2(J,2)=RY

END OF LOOP FOR BOTH R GRID LINES
CONT INUE '

INTERPDOLATE FOR UPPER AND LOWER VALUES
00 T20 J=3,8

==

528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
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559
560
561
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720

130

OO OO0
o
(=}

810

820

949
942
9540
952

955

ANSI(I,J)=ANS2(1+J)+(ANS2(2,J)=ANS2(14J) ) *(RX~ANSZ2(1,2))7(ANS2(2,2
11-ANS2(1,2))

CONT INUE

CALL DVCHK (NO)

1F {ND.EQ.2) GO YO 730

NO=720

GO TO 940

ANS1(I,1)}=Z(11)

ANS1{I,2)=RX

END OF LOOP FOR BOTH Z GRID LINES
CONTINUE
FIND FINAL VALUES

DO 810 J=1,6
ANS (J)=ANSTI{14J42)+(ANS1(2,J+2)=ANS1{1,J+2) ) *(ZX~ANS1{1,1})7{ANSL(
12,1)-ANS1(1,1))

CONT INUE

CALL DVCHK(NO)

IF (NO.EQ.2) GO TO 820

NO=810

GO TO 940

RETURN

WRITE (3,942)
FORMAT (35HODIVIDE CHECK ERROR IN SUBR. DBLTRP)
WRITE (3+952) NDyZXsRXe 11y J14KEEP,ZI,RI]
FORMAT (19H NEAR STATEMENT NO.yI4/1X3HZX=,E15.8,4X3HRX=4F15.8/1X3H
1I1=9 1444X3HI1=9 1444 XSHKEEP=y I4/1X3HZI=,4E18.8/1X3HRI=,4E18.8)
WRITE (3,955) ((ANSL(I+J)sJd=1s8)9l1=192) 9 ({ANS2({T+J)eJ=148),41=1,2)
FORMAT (1X5HANS1=/8E16.8/8E16.8/1X5HANS2=/8BE16.8/8E16.8/1H1)
XY1==2,
IYX=SQRT (XYZ)
CALL EXIT

= ¢
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158
160

RETURN

DEBUG SUBCHK

END

SUBROUTINE SHOCK

COMPUTES SHOCK VALUES

COMMON CASEID(14),ITS1y1TS2,1TS3,1TS4,ITI1,1TI2,ITI3,ITI4,EPSL,EPS
12+ EPS34EPSA,EPSSEPS6EPIL,EPI24EPI4EPIG9EPIS,EPI6,EPIT)VP,ARyLEN
1GTH, APRyBPR ,BIGAPRyBIGBPR, ESTAR, ALPHA,BETA,RHOSTR,EPRS,RHOS

COMMON XMESH(20420+6)9XMESH2(20,20,6),2(20),R(20},SURF(15,8),SURF2
101548y TAB{15514,2) s TAB2(1541492) ySPART(15,2,+2)+RARF(15,11},RARF2{(
115+4),RPART{15,2)

COMMON Z0,R0,P0,U0,VO,L0,M0,RHO0+EQ,AQ,UBARD +VBARD
COMMON NP oNToNRoNI,NDEL,I5UB

COMMON ZMIN,ZMAX RMIN,RMAX,RADIUS,GZ+GR+DELTA,H
COMMON DIRCOS

COMMON TIME

COMMON IRARF

COMMON KSTOP

COMMON TPSI

COMMON KKK

REAL LOsMO,LENGTHyMU,KO

DIMENSION ANS{6)
EXTERNAL FGOF1
EPS=.0000001

BEGIN SHOCK POINT COMPUTATIONS
DO 505 K=1,2
GO TO (158,160).K
NN=NP
G0 TO 162
NN=NT

600

o
(=]
-

VR~ NN~



VBARS=0. 34

162 00 500 I=1,NN 35
MPRGJ=0 36

IF (TAB(Is14,K).LT.0.} GO TO 500 37

164 CONT INUE 38
C 39
C INITIALIZE TO ITERATE ON 1 SHOCK POINT 40
C 41
NBIC=0 42
10=TAB2(1I,14K) 43
RO=TAB2{I,24K) 44
PO=TAB{1,3,K) 45
U0=TAB({I,4.K) . 46
VO=TAB{I,5.K) 47
RHOO=TAB{I46,K) ) 48
EQ=TAB{I,7.K) 49
AO=TAB(I,B,K} 50
LtO=TAB(I,9,+K)} 51
MO=TAB{I,10,K) 52
UBARO=TAB(1,411,K) _ 53
VBARO=TAB(1,124K) 54
UTOH=TAB{1,13,K) 55
UTO=UTOH , 56
ITS44=1T754% 57

IF {IRARF.EQ.1} GO TO 170 ‘ 58
M=1-(NR-2)*(K~2) ' 59
FF=RO-RARFZ2(M+1,2)—(RARF2({Me2)-RARF2{M#142}))*(20-RARF2I{M+]1,1))/(RA 60
IRFZi{M,1)~RARF2{M+1,1)) 61

169 CONT INUE 62
iF (FF.LT..C01) GO TO 350 63

170 IF {(I.NE.1) GD TD 180 64
MO=TAB(I,10,K} 65

LO=0. 66

GO TO 190 ' 67

180 IF (1.LT.NN) GO TO 184 &8
UP=H*{TAB{I-1+13,K}-TAB{I,13,K}) 69

= 5



TMP=SQRTUITAB2{I-1424K)-RO)I*¥*2+ (TAB2{I-141,K)-20}*%*2) 70

'DOMEG=UP/TMP 71
60 TO 186 72
184 DR1=TAB2{I+1,2,K)~R0O 73
DR2=RO-TAB2{ I-1,2,K) 74
DZ1=TAB2(I+1,1,K}=Z0 75
DZ2=Z0-TAB2( I-1414K) 76
UP=H*(TAB(I=1,13,K)-TAB(I+1,13,K)} 77
TMP=SQRT (DR1%%24DZ1%%2) +SQRT(DR2%%2+4DZ2%%2) 78
DOMEG=UP /TMP 79
KICK=184% 80
CALL DVCHK(KQ) 81
IF (KQ.EQ.1) GO TO 9980 82
c 83
c COMPUTE NEW LO,MO 84
c 85
186 COMEG=COS(DOMEG) 86
SOMEG=SIN(DOMEG) 87
XLO=LO*COMEG+MO*SOMEG 88
XMO=MO*COMEG~LO*SOMEG 89
LO=XLO 90
MO=XMO 91
IF (PO.GT..0025) GO TO 190 92
PO=0. ' 93
Uo=0. 94
VO=VP*(1.-(~1.)%3K)/2, 95
RHOO=RHOSTR 96
E0=0, 97
AD=SQRT(BIGAPR/RHOSTR) 98
UBARO=MO*VO 99
VBARO=VBARS 100
UTO=UBARO+AO*(~1, ) %*K 101
60 TO 350 ' 102
190 ITS33=1T53 103
c 104
C FIND GUESS TO START ITERATION 105

> 9



195

198

200

201
203

C

204

CALL GUESS(1,KOD2+Z0sR0O414Ke2Z,RR,D2,DR)

IF (KOD2.EQ.1) GO TO 200
WRITE (34198) [+X4Z0,R0
WRITE (3,7002) ZZ,RR,DZ4DR

FORMAT (31HONO GUESS FOUND FOR SHOCK POINT/3HOI=,14,6X2HK=,14,10X3
1HZ0=4yE15.84 10X3HR0=,E15.8/1H1}

CALL EXIT

CONTINUE

Ky=K

NTW=0

IF (K.EQ.2) GO 7O 201
VBARS=VP*LO
DIRCOS=-MO

GO0 TO 203

DIRCOS=MO

CONTINUE

CALL NRIT2(Z1sR1+sZZsDZ+RRyDR+EPS1,EPS2,FGOFL 41TS1,KODE)

IF (KODE.EQ.0) GO TO 205

BICHARACTERISTIC SELECTION SCHEME

IF (NBIC.EQ.Q0) GO TO 204
IF (NTH.EQ.8)KY=KY+1

IF (NTW.GT.21) GO TD 7000
ANG1=ANG1+DTPSI%(-1, ) %kKY
DIRCOS=SIN{ANG])
LO=COS{ANGL}

NTW=NTH+]

GO TO 203

CONT INUE

NBIC=1

CALL DBLTRP(ZZ.RR4sANS)
UA=ANS{2)

VA=ANS(3)

AA=ANS(6)

106
107
108
109
110
111
112
113
114
115
116
117
118
119

120

121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141



6201

OGO

21I=121+D1

CALL DBLTRP(ZZIZ,RR,ANS)

UB=ANS(2)

VB=ANS{3)

AB=ANS(6)

RRR=RR+DR

CALL DBLTRP{ZZ,RRR4ANSI}

UC=ANS{2)

VC=ANS (3}

AC=ANS(6)

MM=0

TPSI=1.5708%(=1.1%%K

XB=217

YB=RR

NOM=5

CA=NOM

DTP5I=.01745

DTPSI=CA*DTPSI
TPSI=TPSI+DTPSI*(~1,)**K
Al=1.4+H¥{(VB-VA+{AB-AA}*SINITPSI)I/DZ
Bl=H*(VC-VA+(AC~-AA}*SIN(TPSI}) /DR
Cl==(1Z-Z0+H*(VA+AAXSIN(TPSI)))
A2=H*{UB-UA+(AB-AA)*COS(TPSI})/DZ
B2=1.+H*(UC~UA+(AC~-AA)}*COSITPSI)I/DR
C2=-(RR-RO+H*{UA+AA*COS(TPSI N}
DET=A1*%B82-A2%B1 S
DELX=(B2%C1-B1*C2)/DET
DELY=(A1%*C2-A2%C1)/DET

TEST FOR SAME REGION

XB81=XB+DELX
YBl=YB+DELY ,
M=COMP{XB,YB,XB1,¥Y81)
IF (M.EQ.1) GO TO 6203
MM=MM+]

G/

142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177



IF (MM.LT.360/NOM) GO TO 6201 - 178

7000 WRITE (3,7001) ) 179
7001 FORMAT {41HOBICHARACTERISTIC SELECTION SCHEME FAILED) 180
WRITE (3,614} 210,R0 181
614 FORMAT (1X5HI0 =,E15.844X5HR0 =,E15.8) 182
WRITE (3,7002) UAyVA,AA,UB,VB,AB,UC,VCyACyZZ,DZ,RR,DR,ANG1 183
7002 FORMAT (4E16.8) 184
CALL EXIT 185
6203 CONTINUE 186
WRITE (3,6210) 187
6210 FORMAT (53HOBICHARACTERISTIC SELECTION SCHEME EMPLOYED BY SHOCKX) 188
6204 ANG1=TPSI 189
Tl=DIRCOS 190
T2=t0O : 191
DIRCOS=SIN{ANG1) . 192
LO=COS{ANG1) 193
G0 TO 203 194
205 CONTINUE : 195
UBARS1=0. 196
IF (K.EQ.1JUBARS1=MO*VP 197
CALL DBLTRP(Z1,R1,ANS) 198
P1=ANS(1) 199
Ul=ANS(2) 200
Vi=ANS(3) 201
RHO1=ANS(4) 202
E1=ANS{5) 203
Al=ANS(6) 204
206 CONT INUE 205
KICK=205 206
CALL DVCHK{KQ) 207
IF (KQ.EQ.1} GO TO 9980 208
IF (NBIC.EQ.O0) GO TD 2G7 209
7C03 SINTH=ABS(DIRCOS) 210
COSTH=ABS(LO) 211
DIRCOS=T1 212
LO=T2 213



207

208
218

210

219
215

220

225

226

CONT INUE

UBAR1=LO*U]1+MO*V1

IF {X.EQ.2} GO YO 208

IF (UBAR1.LT.VP/2.) GO TO 208
UBAR1=UBARS1~UBAR] ‘
CONTINUE

CONTINUE
M1=PART(1,Z1+R1+ZZ+RRyDELTA,NDEL)
IF {M1.EQ.1) GO TO 210

PUR=0,

PVR=0.

GO TO 215

CALL DBLTRP{(ZZ,RRyANS}
DP=RR-R1

PUR=(ANS(2)-UL1}/DP

CONTINUE

PVR={ANS(3)-V1)/DP
M1=PART{2,Z1,R1+ZZ+RRyDELTA,NDEL)
IF (M1.EQ.1}) GO TO 220

PUZ=0.

PVZ=0.

PAZ=0.

GD TO 225

CALL DBLTRP(ZZ,RRyANS}
DP=Z22-71

PUZ=(ANS(2)-U1)/DP
PVZ=(ANS(3)-V1}/DP

CONTINUE

IF (NBIC.EQ.1) GO TO 7004
PURB1=LO*PUR +MO*PVR
PVRBL1=LO%PYR-MO%*PUR
PVIBI=LO*PVI-MO*PUL
PVEB1l=-MO*PVRB1+LO¥PVIB1
SBAR1=PVEB1

CONTINUE

IF {ABS{R1).LE.EPS) GO TO 235

oD

214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249



7004

235

240

250

251

256

259

SBAR1=5BAR1+Ul/R1

GO TO 240

CONTINUE

IF (V1.GT.VP/2. «AND.K.EQ.1)V1=VP-y1

SBAR1=SINTH**2*PUR-S INTH*COSTH* (PUZ+PVR} +COSTH*%2%PyZ

GO TO 226
SBAR1=SBAR1+PUR

ITS22=17S2

MMM=0

CONTINUE

CALL EQOSS(PFR,PFE)
BIGA1=RHD1*A1l

KICK=250

CALL DVCHK{KQ) :
IF (KQ.EQ.1l} GO TO 9980
TEMP=1.-RHOSTR/RHOO
TMP=SQRT (POXTEMP/RHOSTR )
IF (K.EQ.2) GB TD 251

IF (TMP.LT.VP/2.) GO TO 251
MPROJ=1

TMP=UBARSL-THMP

CONT INUE

TMP&=TMP

CONTINUE

FNBIC=NBIC

TMPL=P1+BIGA1%*UBAR1-RHO1*H*SBAR1*A1**24+BIGA1 *(=UBAR1+COSTH*UL+SINT
IH*VI-SINTH*LO*VBARS+C05TH*M0*VBARSi*IFNBIC!

TMP2=PFR*TEMP+PO*RHDSTR /RHOO*%2
TMP5=PFEX*TEMP

GTMP=-RHO1#*A1

IF (NBIC.EQ.0) GO TD 259
GTMP=GTMP*{COSTH*LO+S INTH®MO}
CONT INUE
BIGG=PO-{GTMP*TMP+TMP1)

%4

250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
2712
273
274
275
276
277
278
279
280
281
282
283
284
285



265

267

269

2700 .
2669

PGR=PFR={ (GTMP2TMP2) /{ 2. *RHOSTR*TMP6) }
PGE=PFE-( (GTMP*TMP5) /(2 .*RHOSTR*TMP6) }
TMP= .5%(1./RHOSTR=-1. /RHOO)
BIGH=EO0~-TMP*PO
PHR==TMP*PFR~.5%PD/RHOO**2
PHE=1,-TMP*PFE

IF (ABS(BIGH).GT..0001) GO TO 267
BIGH=0.

IF (ABS(BIGG)}.GT..0001) GO TO 269
BIGG=0.

CONTINUE

COMPUTE DELTA EO,DELTA RHOO .

DOWN=PGE*PHR-PGR*PHE
DEQ=(~-BIGG*PHR+BIGH*PGR) /DOWN
DRHOO=(-BIGH*PGE+B IGG*PHE ) /DOWN

E02=EOQ+DEOQ

IF (E02.LT.0.)EDZ2=0.

RHODZ2=RHOD+DRHOO

IF (RHOO02.LT.RHOSTR)IRHOO2=RHOO

KICK=265

CALL DVCHK(KQ)

IF (KQ.EQ.1} GO TO 9980

CALL EQOSP{RHOO2,EG2,P02)
UBARO2={1.-RHOSTR/RHOQ2)}*(P0O2/RHOSTR)

IF (UBARD2.GT.0.) GO TO 2669

WRITE (3,2700) PO2,RHO02,EQ02,4RO,120

WRITE (3,7002) Pl,U1l,V1,RHO1,E1,Z1TR]1l,SBARL
FORMAT {4E16.8)

CONTINUE

UBARQ2=SQRT{UBAR(2)

IF {E02.LT.1.E-5S) GO TO 273

IF {ABS{{EQ2-EO0V/EC2).LT.EPS4} GO 1O 273
IF (ABS{DED).GT..01*EPS4) GO TD 275

@5

286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
3l4
315
316
317
318
319
320
321



273 1IF (ABS{(RHD02-RH0OO0)/RHO0Z).LE.EPS3) GO TO 285 322

IF (ABS(DRHOO).LT.EPS3) GO TO 285 323

275 ITS22=1T522~1 324
IF ¢1T7T522.G7T.0) GO TO 280 ' 325

WRITE (3,278) I7S2 326

278 FORMAT (35HO0E AND RHO FAILED TO CONVERGE AFTER,I4,6H TRIES) 327
WRITE (3,279) 1,K,20,R0,E0,RHO0,P0+E02,RHO02,P02 - 328

279 FORMAT (1X2HI=, 145 4X2HK=414/1X4HZO0 =4E15.894X4HRO =4E15.8,4X4HED = 329
1,E15.8y4X6HRHOO =,E15.8¢ 4X4HPO =sE15.8/1 X4HE02=,E15.8,4X6HRHO02=E 330
115.84X4HP02=yE15.8/1H1) 331

sTOP 332

280 EO=E02 ' 333
RHOO=RHO02 334
PO=P02 335
UBARO=UBAROZ 336

GO TO 250 337

285 EO=E02 338
RHOO=RHOO02 339
UBARO=UBARO2Z ' 340
AO=SQRT (PFR+PO2*PFE/RHOQ**2) 341

c - 342
c : 343
CALL DVCHK(KQ) 344
KICK=285 345

IF (KQ.EQ.1) GO TO 9980 ' 346

IF (K.EQ.2) GO TO 286 347
VBARO=VP*L0 348

GO TO 287 349

286 VBARO=0. 350
287 CONTINUE ; 351
295 PO=P02 352
IF (K.£Q.2) GO TO 296 353
UBARO=UBARS1-UBARQ ) 354

296 CONTINUE 355
UTO= (RHOO*UBARO-RHOS TR*UBARS1) 7 {RHOO-RHOSTR) 356
VO=MO*UBARQ+LO*VBARD as7

b



wWooOon

wooO

U0=L O0*UBARDO-MO*VBARD
UBAR=.5% (UTOH+UTO)

IF {ABS({(UBAR-UTOH)/UBAR).LE.EPS6) GO TO 350

IF (ABS{UBAR~UTOH).LT.EPS6) GO TO 350
ITS44=1TS44~1

IF {(ITS44.6GT7.0) GO TO 325

WRITE (3,297) ITS4,UTOH,UTO

FORMAT (30HOUBAR FAILED TO CONVERGE AFTER,I4,6H TRIES/L1XSHUTOH=,El

15484 4X4HUTO0=4E15.8)
CALL EXIT

WRITE (3,279} 1,K,Z0,R0O.,E0,RHOO,P0O,ED2,RHO02,P02

INIT. FOR MORE U BAR ITERATIONS

UTOH=UBAR :
AVMO=(TAB(TI,104K}+MD)*.5
AVLO=(TAB{I,9,K)+L0})*.5
20=TAB(I,41,K}+UBAR*HSAVMO-VBARS*AVLO*H
RO=TAB{(I+2,K)+UBAR®HZAVLO-VBARS*AVMO*H
LO=AVLO '

MO=AVMO

G0 TO 195

ONE SHOCK POINT HAS CONVERGED

TAB2{I[+1.,K)=10
TAB2(I,2,K)=R0O
TAB2(1,+3,K)=P0
TAB2(1,4,K)=UQ
TAB2(1+5,K)=V0
TAB2(1,6+K)=RH0OD
TAB2(I,7+K}=EO
TAB2{1+8,K)¥=A0
TABZ(1,9.,K)}=L0O
TAB2{1,10,K}=M0
TABZ2(1,11,K)=UBARO

358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
3T1e
3717
3718
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393



500
505

9980
9985

OO0

¢t O On

TAB2(1,12,K)=VBAROD
TAB2(1,13,K}=UTO
KICK=500

CALL DVCHK({XKQ)

IF (KQ.EQ.1l) GO TO 9980

CONT INUE

CONT INUE

RETURN

WRITE (3,9985) KICK

FORMAT (32HODIVIDE CHECK NEAR STATEMENT NO.,15,15H IN SUBR. SHOCK/
11H1)

CALL EXIT

RETURN

END

SUBROUTINE FGOFLU{ZX,RX,S5,Q0Q}

COMPUTES S1,Q1 FOR SHOCK LINE
ITERATION FOR Z1.R1

COMMON CASEID(14) o ITS1,ITS2,ITS34 1TS54, ITI1,1T12,1T13,1T14,EPSL,EPS
IZyEPSB;EPS#,EPSS:EPSﬁ,EPIl.EPIZ,EPI3,EPI4,EPIS,EPI&.EPI?,VP,AR.LEN
IGTH'APRvBPR’BIGAPR'BIGBPR,ESTAR.ALPHAsBETA.RHGS?R,EPRS.RHDS

COMMON XMESH{204520,6) s XMESH2120,20+6),2(20}4R(20)ySURF(15,8)4SURF2
1(15,8]’TAB(15p14'21.TABZI15,14,23'SPARTI15,2g2],RARF!I5:113:RARF2(
115:4),RPART(15,2)

COMMON 205RO,P0+U04V0,L0,M0,RHO0,EQ,AQ,UBARD,VBARD
COMMON NP ¢NT,NR,NI,NDEL,ISUB
COMMON ZMIN,ZMAXsRMIN,RMAXyRADIUS,GZ,GRoDELTA,H

COMMON DIRCOS
COMMON TIME

by

394
395
396
397
398
399
400
401
402
4903



e B o N e N e ]

COMMON TRARF

COMMON KSTOP

COMMON TPSI

COMMON KKK

REAL LOyMO4LENGTH,MU,KO

DIMENSION ANS(6)

REAL LO,MO

CALL DBLTRP{ZX+RXyANS)

Ul=ANS{2)

V1=ANS(3)

Al=ANS(6)

SS=IX~ZO+H*(V1+A1*DIRCOS}

QQ=RX=RO+H*=(U1+A1%*L0)

RETURN

END

SUBROUTINE INTER(PHI,NMAX,MMAX)

SUBROUTINE INTER

COMPUTES INTERIDR REGION POINTS

COMMON CASEID(14), ITSLoITS2e1TS3+ITS49IVILLITI2ITI3,ITI4,EPSLHEPS
12,EPS3,EPS4,EPSS,EPSG.EPILLEPI2HyEPI3JEPLI4,EPISHEPIGLEPIT,VP,AR,LEN
1GTHy APR,BPRyBIGAPR+BIGBPRyESTAR)ALPHA,BETAsRHOSTR4EPRS s RHOS

COMMON XMESH(20,20,6)9XMESH2(20,20,6),2(20),R{20},SURF(15,8) 4SURF2
1(15+8),TAB{15414+2)sTAB2{1541442),SPART(15+2+2),RARF(15+11)RARF2U{
11554 )+RPART{154+2)

COMMON Z04RO4PO+UID VO, LOyMO,RHOOEQyAQ4UBARO,VEBARD

COMMON NP,NT,NR.NI,NDEL,[SUB

COMMON ZMINy ZMAX RMINoRMAXyRADIUSsGZ+GRDELTAH
COMMON DIRCOS

COMMON TIME

COMMON IRARF

&9



COMMON KSTOP 19

COMMON TPSI 20
COMMON KKK 21
22
23

REAL LO,MO,LENGTH,MU,KO 24

DOUBLE PRECISION PHI{20,20,6)

DIMENSION ANS{6),LL{3),ZI{101),RI(11),PI(11},UI¢11),VI{11),RHOI(11) 25
1,EI{11),AT{12),PUR(11),PVR{11},PAR(11),PUZ(11)},PVZ(11},PAZ(11),PS] 26
1(T7),5PSI(12),4CPSI(11)+5(11) 27

28

EXTERNAL FGOFI,FGOF5 29

INTEGER CHECK,CHECK2 30

31

FORMAT (1H1) 32

T5S5=1.1

EP5=.0000001 33

DO 905 J=1,20 34

DO 900 I=1,20 35

M=TEST(Z{I),R(J)) 36

20=241) 37

RO=R1{J) s

KICK=1 39

CALL DVCHK({KQ} 40

IF {KQ.EQ.1) GO TO 9980 4]

IF (M.EQ.3.AND.Z0.LT.EPS.AND.ABS (RO-RADIUS).LT.EPSIM=1 42

IF {M.NE.1) GO TO 900 43

DO 2 L=1.NP 44

IF (TAB(Ls14,1).LT.0.) GO TO 20 45
CONTINUE _ 46

IF {IRARF.EQ.1) GO TO 20 47

DO 3 N=1+NR ' 48

IF {R{J).GT.RARFIN,2}) 60 TO 5 49
CONT INUE 50
GO TO 6 51
CONT INUE 52

0



M=PICK{Z{I)+R(J},3)} 53

FF=R{J)-RARF{M#1,2)~{RARF(My2)-RARF{M+1,2})*(Z(I}-RARF(M+1,1)}/(RA 54
IRF(M,y1)-RARF{M+1,1)} 55

IF (FF.GT.0.) GO TO 20 56

6 CONTINUE 57
PO2=RARF{1,3) : 58
UO2=RARF{1,4) 59
VO2=RARF{(1.+,5) 60
RHOO2=RARF(1,6} 61
ED2=RARF(1,7) 62
AO2=RARF(1l,8) 63

60 TO 870 64

20 CONTINUE 65
CALL GUESS(2+K0DyZ0yROsI+J3¢ZZ+RR¢DZ+0OR) 66

IF (KOD.EQ.1) GO TO 580 67

WRITE (3,575) [+J+204R0O 68

575 FORMAT {(41HONO GUESS FOUND FOR INTERIOR REGION POINT/3HOI=[4,6X2HK 69
1=9 149 10X3HID=yE15.85 10X3HRO=,E15.8/1H1) 70

CALL EXIT 71

580 IF(TIME.GT.TSSS) GO TO 150
CALL DBLTRP(ZZ,RRsANS)
G0 TO 151
150 CALL DSURFT{ZZ+RR+ANSyPHI NMAX,MMAX)

c 73
c INITIALIZE FOR 1 POINT T4
C 75
C PSI(1)=0.
151 PSI(1)=0.
PSI(3)=1.0472 ‘ ' 7
PSI(4)=2.0944 78
PSI(6)=4.18879 79
PSI(T7)=5.23599 , ' 80
NBIC=0 81
ITI22=1T12 82
PO=ANSI(1) 83
U0=ANS{2) 84



590

594

600

610

VO=ANS(3)

RHOO=ANS (4)

EQ=ANS(5)

AO=ANS(6)

KICK=580

CALL OVCHK(XQ}

IF (KQ.EQ.1) GO TO 9980
IF (ABS{RO}.GT.EPS) GO TO 594
L1=1

LLil)=4

LL(2)=6

LLL=2

GO TO 620

IF {ABS(RO-RADIUS).GT.EPS) GO TO 600
IF (Z0.GT.EPS) GO TO 610

L1=2

LL{l}=3

LLi{2)=7

LLL=2

GO TO 620

IF (ROLLE.RADIUS.OR.ABSIZO).GT.EPS) GO TO 610
L1=3

LL{1)=6

LLE2)=7

LLL=2

GO TO 620

Ll=4
LLi{l)=1
LLE{2)=4
LL(3)=6
LLL=3

V%

85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120



619
620

621

625

125
122
c

630

ITERATE FOR I VALUES

CONT INUE

DO 630 KK=1,LLL
LUMP=L1

ISuB=LL{KK}

CONTINUVE
TPSI=PSI{ISUB)
SPSIC(ISUB)=SIN{TPSI)
CPSICISUB)=COS(TPSI)

CALL NRIT2{(ZI(ISUB)},RI(ISUB},ZZ4DZ4RR+DR,EPI1,EPI2,FGOFI,ITI1,KODE

1)

CALL NRIT2(ZI{ISUB)4RI(ISUBY22Z,DZ+RR+DRLEPILHEPI2,FGOFI,ITI1,KODE

1+PHI »NMAX,MMAX }
IF (KODE.NE.O) GO TO 6200
IF(TIME.GT.TSSS) GO TO 125

CALL DBLTRPUZI(ISUB) RI(ISUB),ANS)

GO TO 122

CALL DSURFT(ZI(1ISUB),RI{ISUB)ANS,PHTNMAX,MMAX)

PICISUB)=ANS(1)
PItISUB)=ANS(1)
UI{ISUB)=ANS(2)
VI(ISUB)=ANS(3)
RHOI (ISUB)=ANS(4)
EItISUBI=ANS(5)
AT(ISUB)=ANS{6)
CONT INUE

KICK=630

CALL DVCHK(KXQ}

IF (KQ.EQ.1) GO TO 9980
60 TO 6400 .

BICHARACTERISTIC SELECTION SCHEME

121
122
123
124
125
126
127
128
129
130
131

131
133

136
137
138
139
140
141
142
143
144
145
146
147
148
149
150



7000
T001

7002

6200

7300

7310

222
223

128
129

WRITE (3,7001)

FORMAT (41HOBICHARACTERISTIC SELECTION SCHEME FAILED)

WRITE (3,614) ZO.RO

WRITE {3,7002) ‘PSI‘HNMN’,HN”N_1'7),UA!VA!AAQUStVB'ABQUC'VC'ACQZIQ

10ZyRRyBDRyANG1,ANG2

sus=1sus

WRITE (3,7002) SUB,ZI(ISUB),RI(ISUB)
FORMAT (4E16.8)

CALL EXIT

CONTINUE

IF (NBIC.NE.D) GO TO 7000

IF (L1.NE.2.0R.LL{1).EQ.1} GO TO 7300
LL(l)=1

GO 7O 619

CONTINUE

IF (L1.NE.3) GO TO 7310

IF (PST{6).GT.4.2) GO TO 7310
PSI(61=5.T5959

G0 TO 619

CONTINUE

IF{TIME.GT.TSSS) GO TO 222

CALL DBLTRP(ZZ.RR,yANS)

60O TO 223

CALL DSURFT{(ZZ,RRyANSsPHI,NMAX,MMAX}
UA=ANS{2)

UA=ANS (2}

VA=ANS (3}

AA=ANS (6)

IZZ=11+D1

IF(TIME.GT.TSSS} GO TO 128

CALL DBLTRP(ZZZ:RR:ANS!

G0 TO 129

CALL DSURFT(ZZZ+RRy ANS,PHI,NMAX,MMAX}
UB=ANS(2)

UB=ANS (2}

VB=ANS (3}

Vi

151
152
153
154
155
156
157
158
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160
161
162
163
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166
167
168
169
170

173
174
175

178



130
131

6201

(2B el

AB=ANS (6}

RRR=RR+DR

IF(TIME.GT.TSSS) GG TO 130

CALL DBLTRP(ZZ,RRR,ANS])

G0 70 131

CALL DSURFT(ZZyRRRyANS,PHI,NMAX,MMAX])
UC=ANS(2)

UC=ANS(2)

VC=ANS(3)

AC=ANS(6)

MM=0

TPSI=PSI(ISUB)

XB=212

YB=RR

NOR=S

CA=NOM

DO 6210 LM=1,2

DYPSI=.01745

DTPSI=CA*DTPSI

TPSI=TPSI+DTPSI

Al=1.+H*(VB-VA+{ AB-AA)XSIN{(TPSI})/DZ
Bl=H*{VC~-VA+{AC~-AAI*SIN{TPSI )} /DR
Cl==(ZZ-Z0+H*(VA+AAXSIN(TPSI) )}
A2=Hx{UB-UA+(AB-AA)*COS(TPS5I)} /02
B2=1.+H* (UC~-UA+(AC~-AA}*COS{TPSI})/DR
C2==(RR-RO+H*{UA+AA*COS(TPSI) })
DET=ALl*B2-A2%*81

DELX=(B2%C1-81%C2)/DET

DELY={A1*C2-A2%C1)/DET
TEST FOR SAME REGION

XB1=XB+DELX

YB1=YB+DELY
M=COMP(XB,YB,XB1,YB1}
IF (LM.EQ.2) GD TO 6700

75

179
180

183
184
185
186
187
188
189
190
191
192
193
194
195
136
197
198
199
200
201
202
203
204
205
206
207
208
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6700
6800

612
613

614

6144
6145
6146

6203
6204

6205
6210

6300

IF {(M.EQ.1) GO TO 6203

GO TO 6800

CONTINUE

IF {M.NE.1) GO TO 6203

CONT INUE

MM=MM+]

IF {(MM.LE.360/NOM) GO TO 6201
WRITE (3,613} ITIl

FORMAT (44HOFAILED TO FIND 2 POINTS IN THE SAME REGION 21H IN SUBR
1. NRIT2 AFTER,sI4,6H TRIES)

HRITE (3,614) 20,R0

FORMAT (1XSHZIO =3E15.8+4%X5HR0O
WRITE (3,6144) LM

WRITE (34,6145} M

WRITE (3,6146) KODE

WRITE (3,7002) XB:YB,XB81l,YB1
FORMAT (4H LM=,14)

FORMAT (3H M=,14)

FORMAT (6H KODE=,14}

CALL EXIT

GO TO (6204,6205]4+L¥M
ANG1=TPSI

MM=0

GO TOD 6210

ANG2=TPSI-DTPSI

CONTINUE

AL=LLL+]

DO 6300 KK=1,LLL

ISUB=LL{KK)

AK=KK
PSICISUBI=ANGL+{ANGZ2—-ANG1)*AK /AL
CONT INVE

NBIC=1

GO TO 619

=4E15.8)
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6400

622

c
c
635

132
133
C

642

645

CONTINUE

IF (L1.EQ.2.0R.L1.EQ.3) GO TO 642

CALL NRITZ2(ZI{(B)sRI(B)+ZZ4DZ4yRRyORHEPIL1LEPIZ2+FGOF5,1IT11,K0DE)

CALL NRIT2(ZI(B),RI(8)42Z,0Z+RRyDR,EPIL1,EPI2,FGOF5,ITI1,.KODE,
1 PHINMAX,sMMAX)

IF (KDDE.EQ.0) GO TO &35

ISUB=8

HRITE (3+4622) ITILlsI9JyISUBZ0sRO:ZZ+RR,ZI(BI,RI(8) _
FORMAT (2THOFAILED TO FIND ZISRI AFTERI4¢6H TRIES,3X2HI=414,3X2HJ
1= 1493X5HISUB= [4/1X3HI0= 9 E15. 8¢ 6X3HRO=9EL15.8/1X3HZIZ=4E15.846X3HRR
12 E1S5e8/1XAHII=4E15.8,:86XIHRI=4EL1S5.8/1H1)

CALL EXIT

IF(TIME.GT.TSSS) GO 7O 132
CALL DBLTYRP(ZI(8),RI{B),ANS)

60 TO 133 '
CALL DSURFT(ZI(B)}sRI(8)yANSyPHIyNMAX,MMAX)
PI{8)=ANS(1)

PI(B)I=ANS(1)
UL (8)=ANS(2}
VI(8)=ANS(3)
RHOI(8)=ANS{ 4)
EI(B)=ANS{S5)
AY{B)=ANS(6)

D0 670 IL=1,LLL

NN=LL(IL)}
M=PART(L,ZI{(NN)»RI(NN},»ZXyRX,DELTA,NDEL)}
IF {M.EQ.1) GO TO 645

PYRINN)}=0.

GO TO &48

IF{TIME.GT.TSSS) GO TO 134

CALL DBLTRP{IX.+RX,ANS)

G0 TO 135

247
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134
135

648

650

136
137

655

660
662

670
1005
1002

GO0

CALL DSURFT(ZXsRXyANSsPHI ¢ NMAX,MMAX)
DEN=RX-RI (NN}

DEN=RX-RI{NN)
PUR(NN}=(ANS(2)~-UI(NN)}/DEN
PVR{NN)=(ANS(3)-VI(NN})/OEN
M=PART(2,ZI{NN)yRIINN),ZX,RX,DELTA,NDEL)
IF (M.EQ.1) GO TO 650

PUZ (NN}=0.

PVI{NN)=0.

GO TO 655

IF{TIME.GT.TSS5S) GO TO 136

CALL DBLTRP(ZX,RX,ANS)

GO TO 137

CALL DSURFT(ZXsRXysANSsPHI,NMAX,MMAX)
DEN=ZX-Z1(NN)
PUZ(NN)=(ANS(2)-UI(NN))/DEN
PVZ(NN)=(ANS{3)~-VI(NN)}/DEN

S(NN)=5SPST (NN)**2%PUR{NN}~ CPSI(NN)*SPSI{NN]*(PVR{NN1+PUZ(NNI!+CPSI

T(NN)*%2%PVZ{NN)

IF (ABS{RI(NN)).GT.EPS) GO TO 660
CON=PUR (NN )

GO TD 662

CON=UI{NN)/RI(NN)

SINN)=-RHOT(NN)*®HEAT (NN} **2% {S{NN}+CON)+PT(NN)+RHOI (NN} *A1 (NN) *CPS
11(NNI*UIINN)+RHOI(NN)*AI(NN)*SPSIINN!*VI(NN)

CONTINUE

CONTINUE

FORMAT (4E16.8)
KICK=6T0

CALL DVCHK{KQ)}

IF (KQ.EQ.1l) GO TO 9980

COMPUTE NEW PyU,V

GO TO (5690,692+695,698),L1
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690

692

695

698

700

DuUo=0.

u02=0.
VO2=(S5(4)=-5{6))/(RHOT(4)*AT{4)%SPSI(4)-RHOI{6)*AT{6)*SPSI{&6})
PO2=S{4)-RHDI{4)*AL{4}*SPSI(4}*V02

GO 7O 700

DPO=0.

P02=0.

L=LL(1}
TMPLI=RHOT(TI*RHOT(L I *AL(TI*ATILI*(CPSI(T)*SPSI(L)-CPSI{L)%SPSII(T7))
VO2={SIL)*RHOGICT)*AI(TI*CPSI(7)-S(7)*RHOLI{LI*AT{L)*CPSI{L))/TMP1
U02={S(L)~RHOI(L)*AT(L)*SPSI(L)*V02) /{RHOI{L)*AT(L)*CPSI(L})

GO YO 700

DPO=0.

PO2=0,.
TMPL1=RHOI(TI*RHOI( &)Y *AT(TI*AT(6)*(CPSI{TI=SPSI{6)I~SPSI(TI*CPSI(6})
VO2={(S{6)*RHOI(TI*AL{(T)I*CPSI(T)I-SC(T)*RHOIL(G6)*AT(6)*CP51(6))/THP]L
U02=(S(6)-RHOI{A)ZAT(6)*SPST(6)*VO2} /IRHOI(6)*ALILISIHCPSI(6]))

G0 TO 700

CONT INUE

L=LL (1)

TMPL=RHOI(4)*AT(4)%CPSI(4)~RHOI (L}*AT(L)*CPSI(L)
TMP2=RHOI(4)*AI(4)=SPSI(4)}-RHOTI(LY*AT(LY*SPSI{L)
TMP3=RHOI(6)*AT(6)}*CPSI(6I-RHOTI (L)Y *AT(L)*CPSI{L)}
TMP4=aRHOL(6)*AT{ 6} *SPSI{(6)-RHOT {LY*AT(L}*SPSIIL)
VO2=((S14)=S{L))*TMPA=(S(6)=SIL)I%TMPL)/(TMP3I%XTMP2~TMPL*TMP4)
U02=(S14}~-SIL)-TMP2¥V02)}/TMP]
PO2=S{6}~RHOT{6)}*AT(6)*CPSI(6)*UDZ2-RHOT(6)*AT(6)1%SPSI(6)%V02
KICK=T700

CALL DVCHK(KQ)

IF (KQ.EQ.1) GO TO 9980
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T05

708

725

OO0

726

730

ITERATE FOR RHOO,EQ

IvE33=1T]13
ITI44=1T14
KM=1

CONT INUE

CALL EQUSI{P02,PGRHDsPGE BIGGCHECK,KRTT;A02E02,RHD02+KM,y EPS)

IF (KRTT.EQ.1l) GO TO 871
T1=RHO0-RHOI(8B)

T2=PI(8) /RHOT(B)**2
BIGH=EI{8)+T2*%T1~-EQ
PHE=-1.

PHRHO=T2

KICK=725

CALL DVCHK(KQ}

IF (KQ.EQ.1) GO TO 9980

COMPUTE NEW EQ,RHOO

DOWN=PGE*PHRHO~PGRHO*PHE
DED={-BIGG*PHRHO+B IGH*PGRHO) /DOWN
DRHOO= (-BIGH*PGE+B IGG*PHE ) /DOWN
EQ2=EQ+DED

RHO02=RHOO+DRHOO

CHECK E02,RHDO02 FOR CONVERGENCE
KICK=726
CALL DVCHK(KQ)
IF {KQ.EQ.1) GO TO 9980

IF (ABSI(DEO/EQ).LT.EPIT) GO TO 726

IF (ABS(DEQ).GT..0L*EPIT) GO TO 730

IF (ABS(DRHOO/RHOO}.LE.EPI6) GO TO 740
IF (ABS(DRHCOQ).LT.EPI16) GO TO 740
ITI33=1TI33~1

IF (ITI33.NE.O) GO TO 735
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732

735

- YO

742

750
152

755

770

WRITE (64732) IT13,1,44420,R0,P0,U0,V0,RHO04EQ04P0O2,U02,V02,RHO02,ED
12

FORMAT {33HOEO,RHO0 FAILED TO CONVERGE AFTER,14,6H TRIES/1X2HI=yI4
1o4X2HJIZy [494X2HT =y E15.85 4X2HR=,E15.8/5X2HPO1 8X2HUO1B8X2HVO18X4HRHOO
116X2HEO/SX3HPO217X3HUD21 TX3HVO21 TXSHRHD0215X3HED2//15€20.8))

WRITE (3,1)

CALL EXIT

EQ=E02

RHOO=RH002

KM=0

GO TO 708

CHECK FOR PROPER EQUATIONS

CONTINUE

PGE=~PGE

PGRHO=-PGRHO

IF {RHO02.GE.RHOSTR) GO TO 750

IF (E02.LT.EPRS) GO YO 750

CHECK2=0

GO TO 752

CHECK2=1

AD2=SQRT (+PGRHO+PO2*PGE/RHOD2%%*2)

IF (CHECK.EQ.CHECK2) GO TO 870

IT144=]1T144-1

IF (ITI44.NE.O) GO TO 770

WRITE (3,755) [TI4s14J+2Z0,R04P0O,U0,V0,RHO0,ED,AD,P02,U02,V02,RHDO02
1,£02+A02 :

FORMAT (38HOFAILED TO USE CORRECT EQUATIONS AFTER,I446H TRIES/1XZH
112, Ty 4X2HI= g 144 4X2HZ=yE15.8,4X2HR=3E15.8/5X2HP018X2HUD1B8X2ZHVO18X4
1HRHOO16X2HEO L8 X 2HAO/ SX3HPO217X3HU021 TX3HV021 TXSHRHO0215X3HEQ217X3H
1A02//(6E20.81)

WRITE (3,1)

CALL EXIT

KICK=TT0
CALL DVCHK({KQ)
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(g EnNal

870

900
905

950
9980

9985

IF (KQ.EQ.1} GO TO 9980
ITI33=ITI3
GO TO 735

ALL VALUES HAVE CONVERGED FOR 1 INTERIOR POINT

KRTT=0

XMESH2(I,J,1)=P02

XMESH2({I+J+2)=U02

XMESH2(I,J,3)=V02

XMESH2({I,J¢4)=RHOO2

XMESH2{1,J+5)=E0Q2

XMESH2(1,J,6)=A02

KICK=900

CALL DVCHK{KQ)

IF (XQ.EQ.1l} GO TO 9980

CONTINUE

CONT INUE

IF {ITS3.EQ.1) GO TO 950

CALL ITRP

RETURN

CONTINUE

WRITYE {3,9985) KICK

WRITE {3,8614) Z0O,RO

FORMAT {32HODIVIDE CHECK NEAR STATEMENT ND.+I5,15H IN SUBR. INTER/
11H1)

CALL EXIT

RETURN

DEBUG SUBCHK

END

SUBROUTINE EQDSL{PRHO.PPP.PVV,PEE,TEE, TRHO,KICK)

COMMON CASEID{14),ITS1,ITS2,ITS3,ITS4,ITI1,IT12,ITI3,ITI4,EPS1,EPS
120 EPS3yEPSGyEPSS,EPSGeEPILEPI24EPIILEPISLEPIS,EPIG,EPITVP+AR,LEN
1GTHy APR,BPR,BIGAPR,BIGBPRyESTAR,ALPHALBETAyRHOSTR,EPRS,,RHOS

COMMON XMESH{20,20+6) s XMESH2(2042046),2120)4R{20),SURF{1%5,8),SURF2
1(1548) 9 TAB(159144+2),TAB2{1591442),SPART(15,42,2),RARF(15,11}RARF2(

T
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o0 00

100

101

115:4),RPARTI(15,2}

COMMON ZOyRO+PO4UByVOsLOsMD4RHOOLED+AD+UBARD 4 VBARD
COMMON NP,NT,NR,yNI,NDEL,ISUB

COMMON ZMIN, ZMAX ,RMINyRMAX,RADIUS+GZ+GRyDELTA,H
COMMON DIRCOS

COMMON TIME

COMMON IRARF

COMMON KSTOP

COMMON TPSI

COMMON KKK

REAL LOyMO4LENGTHyMU+KG

RHO=RHOSTR

E=VP*¥2/8.

D0 100 M=1,100

ETA=RHO/RHOSTR

HUSETA"I -

G==-RHOSTR*(VP/2.)%%24+ ({ APR+BPR/(E/(ESTARXETA**2)+1.) ) *E*RHO+BIGAPR
1*MU+BIGBPR*MU*%*2 )% [ 1 .~RHOSTR/RHO}

DERIVG={ (APR+BPR/{E/(ESTARETA*%2)+1.) ) *E+BIGAPR/RHOSTR+2.¥BIGBPR*
LMU/RHOSTR#2.%E**24BPR/(ESTARSETAS* 2% (E/ (ESTAR*ETA*#2)+1.)%%2)})*(1.
1-RHOSTR/RHO) +{ {APR+BPR/({E/(ESTARXETA®**2)+1,) ) *E*RHO+BIGAPR*MU+BIGBE
1PR*¥MU*%*2 } *RHOSTR/RHO*%2

DLTRHO=-G/DERIVG

RHO=RHO+OLTRHO

IF(ABS{DLTRHO).LT.1.E~-07) GO TO 101

IF (ABS(DLTRHD}.LT.1l.E-06) GO TO 101

CONT INUE
KICK=2200

GO TO 9980
CONTINUE
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9980

O O OO0

PRHO=RHO

TRHO=RHO

PEE=E

TEE=E

PVV=VvP/2.

PPP=(APR+BPR/(E/(ESTAR¥ETA**2}+1.) ) *E*RHO+BI GAPR*MU+BIGBPREMU*%*2

RETURN

DEBUG SUBCHK

END

SUBROUTINE EQOS2(PPP,PRHO, PEE}

COMMON CASEIDI14)yITS1,ITS2,1TS391TS4,ITI I TI2,ITI3,ITI4,EPSLLEPS
124 EPS34EPS4+EPSS,EPSG6,EPIL1EPI2,EPI3,EPI4,EPIS,EPISL,EPIT,VPyAR,LEN
1GTHy APR,BPR, BIGAPR,BIGBPR,ESTAR+ALPHA+BETA4RHOSTR yEPRSyRHOS

COMMON XMESH{2092046)y XMESH2(204204+6)+Z1(20),R(2C)»SURF(15,8) +SURF2
1{15+8)+TAB(L15y14+2) s TAB2(15914+2)+SPART(15,2,2),RARF{15,11)+RARF2(
115+414RPART(15,2)

COMMON Z04RO4POsUD¢VO,LOsMO,RHOO,EQ4AD,UBARD ,VBARD
COMMON NP¢NT¢NRNI,NDEL,ISUB

COMMON ZMIN, ZMAX ,RMIN,RMAX,RADIUS,GZ,6GR,DELTAH
COMMON DIRCOS

COMMON TIME

COMMON IRARF

COMMON KSTOP

COMMON TPSI
COMMON KKK

REAL LOyMO,LENGTH,MU,KO
pP=PPP

RHO=PRHO

E=PEE

ETA=RHO/RHOSTR

%Y



o O OO0

10

MU=ETA-1.

EE=E/{ESTARSETAZ*2 }+1,

PGRHO=E* (APR+BPR/EE)+BIGAPR/RHOSTR+(2.*BIGBPR*MU )} /JRHOSTR+{ 2, ¥E*x¥2%x
1BPR)Y/(ESTARSETA*R24EE®¥2)

PGE=(APR+BPR/EE ) *RHO~(E*BPR*RHO) /{ESTARXETA*$2%EE*%2)

AR=SORT({PGRHO+PGE*P/RHO*%2 )

RETURN

DEBUG SUBCHK

END

SUBROUTINE EQOS3{RHOyAA+E,P)

COMMON CASEID(14),ITS1,1T7S2,1T7S3,17S4,ITI1,ITI2,ITI3,ITI4,EPS]1,EPS
124EPS33EPSG s EPSSEPSGsEPILyEPI2+EPIIGEPI4EPISLEPIS,EPITVPARSLEN
16THy APR:BPR+BIGAPR,BIGBPR,ESTAR,ALPHABETA,RHOSTR,EPRSyRHOS

COMMON XMESH{20,2046) 3 XMESH2(20,20+6)42(20)},R{20),SURF(15,8)4SURF2
1{1538) s TAB(15¢1442) s TAB2(15,1442)sSPART(1542+2)+RARF(15411})+RARF2I{
11594 )y RPART(15,2)

COMMON 70,RO,PO,UO0,VO,L0,M0,RHOO4EQO4AD,UBARD,VBARD
COMMON NP NT,NR,NINDEL,1SUB

COMMON ZMIN,ZMAX ,RMINsRMAX,RADIUS,GZ4GRyDELTA,H
COMMON DIRCOS

COMMON TIME

COMMON IRARF

COMMON KSTOP

COMMON TPSI

COMMON KKK

REAL LO+MOsLENGTH,MU,KO
ETA=RHD/RHOSTR

MU=ETA-1,
EE=E/(ESTARXETA*%2)+1.,

IFf (RHO.GT.RHOSTR) GO TQ 72

B



T2

T4

75

G OO0

IF {(E.GE.EPRS} GO TO T4

PGRHO=E*(APR+BPR/EE)+BIGAPR/RHOSTR+(2.*BIGBPR*MU} /RHOSTR+( 2, *E*%2%
1BPR)Y/{ESTAR®ETA®*2%EE#%2)

PGE={APR+BPR/EE)*RHO~(E*BPR*RHO) /(ESTARRETA®*2%EE*%2)

GO TO 75

C1=RHOSTR/RHD-1.

C2=EXP(-BETA%*(C1)

C3I=EXP(-ALPHA*C1%*%2)

T1={BPR*E*RHO) /EE+B IGAPR*MU*C2

T2=2 . #ALPHA*CL1*(RHOSTR/ (RHO*%*2})

T3=BPR*E/EE '

T4=1{2.%E) /{ESTARXETA%*2%EE)

T4=T3%«T4

TS5={BIGAPR*C2) /RHOSTR

T6=(BIGAPR*MU*BETA*RHOSTR*C2)/(RHO*%2)

PGRHO=APR*E4+CIAX(TI*T2+T34T4+T5+T6)

TT=(BPR*RHO)}/EE

PGE=APR¥RHO+C3*(TT-TT*(E/(ESTARXETA*%2%EE)))

AA=SQRT (PGRHO+PGE*P/RHD**2 }

RETURN

DEBUG SUBCHK

END

SUBROUTINE EQOSS(PFR,PFE)

COMMON CASEID(14)e ITS1eITS2,1TS341TS49ITI14ITIZ2H»1ITI34ITI4,EPSLHEPS
124EPS34EPS4yEPSSEPSGHEPILEPI24EPI3,EPI4YEPISLEPIGLEPITsVP,AR,LEN
1GTH, APRyBPRy BIGAPR,BIGBPR,ESTARyALPHA,BETA RHOSTR+EPRS»RHOS

COMMON XMESH{20520,6):XMESH2120,20+6)+2{20),R(20),SURF{15,8)+4SURF2
141548)9TAB(1591442),TAB2(15+1442}sSPARTI15+2,42}+RARFI15411),RARF2{
115¢4)+RPART(1542}

COMMON Z0+sRO4PO,U0,V04LO+MO,RHOC,EQ,AQ,UBARDO »VBARD
COMMON NP,NT,NR,NI1,NDEL,ISUB

COMMON ZMINy ZMAXsRMINyRMAXyRADIUSsGZyGR+DELTAH

T ¢



o OO0

COMMON DIRCOS
COMMODN TIME
COMMON IRARF
COMMON KSTOP
COMMON TPSI
COMMON KKK

REAL LO+MO+LENGTH,MU,KD
ETA=RHOO/RHDSTR

EPP=EQ/(ESTAR*ETA*%2}+].

TMP=APR+BPR/EPP

TMPL1=BPR/(ESTAR*ETA*¥2%EPP%*2)

PFR=TMP*EQ+(BIGAPR42,*BIGBPR*MU) /RHOSTR+2.*EQ*+2%TMP1

PFE=THMP*RHOO-EQ*RHOO*THMP1

RETURN

DEBUG SUBCHK

END

SUBROUTINE EQOSP{RHDO02,E02,P02}

COMMON CASEID(14) s ITS1oITS2+4ITS34ITS4ITIL»ITI21TI3,1TI4,EPS14+EPS
124EPS3,EPS4+EPSS5EPSGWEPILEPI2,EPI3JEPIS44EPIS,EPIGL,EPI74VP,ARsLEN
1GTHy APRyBPRyBIGAPR+BIGBPRyESTAR+ALPHA,BETAsRHOSTR,EPRS 4 RHOS

COMMON XMESH(20920+6)¢XMESH2(20+420+46},2120),R(20),SURF{15,8),SURF2
1(15+8)+TAB(1551492)sTABZ2(1541492)9SPART(15,2+2)+RARF(15,11},RARF2{
11544),RPART (15, 2)

COMMON Z0oROyP0»UOsVOsLOsMOsRHOO,EO4AD,UBARD,VBARD
COMMON NPoNToNRoNI,NDEL,ISUB

COMMON ZMINsZMAXRMINyRMAX,RADIUSGZ+GRyDELTA,H
COMMON ODIRCOS
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COMMON TIME
COMMON [RARF
COMMON KSTOP
COMMON TPSI
COMMON KKK

REAL LOyMO4LENGTH,MU,KD

ETA=RHOD2/RHOSTR

MU=ETA-1.

PO2=EQ02*RHDO2*{APR+(BPR*ESTAR*ETA®*2) / (EC2+ESTARKETA®*%*2) }+BIGAPR*M
1U+BIGBPR¥MUR*2

RETURN

DEBUG SUBCHK

END

SUBROUT INE EQOSI(PO24PGRHO4PGE+BIGGyCHECK,KRTT,A02,E02,RHOQ2 yKM, EP
15). '

COMMON CASEID(14),ITSYITS2,1T7S3,1T7S4,ITIL,ITI2,ITI3,1TI4,EPSL,EPS
12+EPS3,EPS4,EPSSyEPSH,EPILIEPI2EPI3HEPI4EPISEPI6,EPITHVP,AR,LEN
1GTHy APRyBPRyBIGAPRyBIGBPRyESTARyALPHA,BETA,RHOSTR,EPRSRHOS

COMMON XMESH{(20+20+6) 9 XMESH2(20+20¢6)+2(20)4R(20},+SURF{15,8),4SURF2
1(15,8)sTAB(15,14+2),TAB2{15,144+2)»SPART(1542+2)+RARF(15,11),RARF2(
115¢4 19 RPART(15,42)

COMMON ZO,RO,P0,U0,VO,LOyMO,RHOO,EO4AD,UBARD +VBARO
COMMON NP4NToNRNI,NDEL ,ISUB

COMMON ZMIN,ZMAX,RMIN,RMAX,RADIUS,GZ,GRyDELTA,H
COMMON DIRCOS

COMMON TIME

COMMON IRARF

COMMON KSTOP

COMMON TPSI

COMMON KKK

7%



708

715

716
Tt

718
719

REAL LOyMO,LENGTH,MU,KO

INTEGER CHECK.CHECK2

IF (KM.EQ.0) GO TOQ 708
RHOO=RHOSTR
TMP1=(APR+BPR}I*RHOSTR-POZ/ESTAR
TMP2=SQRT{TMP1%%2+4, *PO2*APR*RHOSTR/ESTAR)
EO={=TMP1+TMP2) /(2. *APR*RHOSTR/ESTAR)
IF {PO2.GT.EPS) GO TO 708

PO2=0.

€E02=0.

RHO02=RHOSTR .
AQ2=SQRT(BIGAPR/RHOSTR)

KRTT=1

60 70 870

KRTT=0

ETA=RHOO/RHOSTR

MU=ETA-1.

EE=EQ/ (ESTARXETA®%2)+].

IF (RHOO.GT.RHOSTR) GO TO 720

IF (E0.LT.EPRS) GO TO 720
C1=RHOSTR/RHOO-1.

BEC1=BETA*(C1

IF (BEC1.LT.10.E10) GO TO T16
€C2=0.0

60 10 717

C2=EXP{-BEC1)

CIAL=ALPHA®C1%¥2

IF (C3AL.LT.10.E12) GO TO 718
€C3=0.0

G0 TO 719

C3=EXP({=C3AL)

CONTINUE
Ti={BPR=EQ*RHOO } /EE+BIGAPR*MU*L 2
T2=22 . *ALPHA*C1*{RHOSTR/ (RHOO*%2) )

e
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720

725
870

OO0

T3=BPR*EQ/EE

T4=2{2.%E0) /(ESTAR®ETA**2%EE)

T4=T3*T4

T5={BIGAPR*C2) /RHOSTR
T6=(BIGAPR*MU*BETA*RHOSTR*C2)/(RHOO*%2)
TT7T=( BPR*RHOO ) /EE :
PGRHO=APR*EQ+C3*(T1*T2+4T3+T44T5+4T6)
PGE=APR*RHOQ+C3*(T7-TT*(EO/LESTARXETA*®¥2%EE) ) )
BIGG=PO2-APR*EO*RHOO-T1%(C3

CHECK=0

GO TO 725

T1=APR+BPR/EE
T2={BPR*EQ}/{ESTARYETA®*2%EE#%2)
BIGG=PO2-T1*EO*RHOO-BIGAPR*MU~-BIGBPR*MU*%*2
PGRHO=T1*EQ+BIGAPR/RHOSTR+2,.*BIGBPR*MU/RHOSTR+T2%2,#%E0D
PGRHO=~PGRHD

PGE=T1*RHOO-RHOO*T2

PGE=-PGE

CHECK=1

CONTINUE

CONTINUE

RETURN

DEBUG SUBCHK

END

SUBROUTINE S0UTZ2

PRINTS 6 LINES OF DISCONTINUITY AT TO

COMMON CASEID(L14), ITS1y ITS20ITS341TS4,ITILLITIZ2,ITI3,ITI4,EPS1,EPS
124EPS3sEPS4yEPSSEPS6+EPILVEPI24EPE32EPI4+EPISH+EPI6,EPIT4VP,AR,LEN
1GTHy APR+BPR,+BIGAPR,BIGBPR,ESTAR,ALPHA,BETA,RHOSTR,EPRS» RHODS

COMMON XMESH{2042046)9sXMESH2({20,20+6)+2{20)+R120),SURF(15,8),SURF2
L(15,8) + TAB(15+14+2)yTAB2(15414,2),SPART{1542,2) 4RARF(15,11)+RARF2I(
115+4)4RPART(15,2)

%,



COMMON
COMMON

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

20+RO,PO4UG+VOsLOsMOyRHOO+EOyAD,UBARD +VBARO
NPyNT+NRyNI,NDEL,I5UB

IMINg ZMAX yRMINsRMAXsRADIUS+GZ+GR+DELTAH
DIRCOS '

TIME

IRARF

KSTOP

TPSI

KKK

REAL LO,MD,LENGTH,MU,KD

FORMAT
1HOCK~-
FORMAT
FORMATY
FORMAT
FORMAT
FORMAT
FORMAT
11HM/ /)
FORMATY
FORMATY
FORMAT
FORMATY
FORMAT
FORMAY
FORMATY
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE

(/7/730H CURVES OF DISCONTINUITY AT TO//40X20H--PROJECTILE S
/7)

{(/7/735X%X29H--PROJECTILE PARTICLE CURVE=--~//}

(/742X16H=-~TARGET SHOCK==//)

{/7738X25H--TARGET PARTICLE CURVE=-~//)

(/742X15H=--RAREFACTION=-~//)

(//35X30H~~RAREFACTION PARTICLE CURVE--//)

{TX1IHZ19XIHR19XIHP19X1HUL 9X1HV/TX3HRHO1 TXIHEI9X1HAL 9X1HL19X

(7X1HZ19X1HR/ /)
{TX1HZ1I9XIHR1I9X1IHLISXIHM/ /)
{5E20.8/5E20.8//7)
(2E20.8)
(4£20.8)
{/7/35%16H~--FREE SURFACE--//}
(1H1)
{3+4)
{3,16)
{3,30) ((TAB2{I+J3s1)+J=1,10),1=1,NP}
(3,6)
(3,18)
(3435) ((SPART(I9Jel)eJ=192),1=1,NP)

(3,8} g%/
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a0 00

WRITE (3,16)

WRITE (3,30) ((TAB2(IsJy2)9J=1,410)4I=1,4NT}
WRITE (3,10}

WRITE (3,18)

WRITE (3,35) ({SPART(I1,J+2)9J=1+2)+I=1,NT)
WRITE (3,12)

WRITE (3,20}

WRITE (3,38) ((RARFZ2{1y3)9ed=1+4),I=1+NR)
WRITE (3,+14)

WRITE (3,39)

WRITE (3,35) ((SURF2({Tsd)9Jd=142)s1=1,NP}
WRITE (3440)

RETURN

DEBUG SUBCHK

END

SUBROUTINE SOUT

PRINTS & LINES OF DISCONTINUITY AT TO-H

COMMON CASEID(14)y ITSLeETS2yITS3,1TS4sITI2,ITI2,ITI3,ITI4,EPS1,EPS

"129EPS3,EPS4,EPSSyEPSGyEPILEPI2,EPI3,EPI4,EPIS,EPI6,EPIT,VP,AR,LEN

16THs APRyBPRyBIGAPRyBIGBPRyESTAR+ALPHA,BETA,RHOSTRL,EPRS,RHOS

COMMON XMESH{20,20,6) ¢ XMESH2(20,20,6),2(20},R{20),SURF(15,8}),SURF2
1(15:B) s TAB(1541442),TABZ{15¢414¢2),SPART{L5+2+2),RARFI15,11)sRARF2!
115,4)yRPART(15,2)

COMMON Z0,R0O+POyU0sVOsLOsMOsRHOO+ED+AD,UBARQ,VBARD
COMMON NPyNT,NR,NI,NDEL,ISUB

COMMON ZMIN,ZMAX,RMIN,RMAXyRADIUS,GZ4sGRyOELTA,H
COMMON DIRCOS

COMMON TIME

COMMON IRARF

COMMON KSTOP

92



O

-0 O

15
18

25

COMMON TPSI
COMMON KKK
REAL LO+MOLLENGTH,MU,KD

FORMAT {(///732H CURVES DOF DISCONTINUITY AT TO~-H//40X20H~-PROJECTILE
1 SHOCK--/7) .

FORMAT (//742X16H--TARGET SHOCK~~//)

FORMAT (//742X15H=-=-RAREFACTION--//)

FORMAT (7XIHZ19X1HR19XIHP1IIX1HULOXIHV/TX3HRHOL7X1IHE19X1HAI9X1HL19X
11HM/ /)

FORMAT (5E20.8/5E20.8//)

FORMAT (1H1)

FORMAT (//35X16H--FREE SURFACE-=//)

FORMAT {(2E20.8)

WRITE (3,4)

WRITE (3,10)

WRITE (3,15} ((TAB(I,Jy1)3J=1+10),1I=1,NP}

WRITE (3,6)

WRITE (3,10}

WRITE (3,15) ((TAB(I1,Js2)3Jd=1410),1I=1,NT}

HRITE (3,8} :

WRITE (3,10)

WRITE (3,15) ({RARF{I4J)3J=1410),I=1,NR}

WRITE (3,21)

WRITE (3:+25) C({SURFIT4J)sd=142)¢1=14NP)

WRITE (3,18}

RETURN

DEBUG SUBCHK

END

SUBROUTINE PRINT(BL,ZTAB;RTAB,KK,PHI ,NMAX,MMAX)
SUBROUTINE PRINT(BL,ZTAB4RTAB,KK)

DOUBLE PRECISION XS{20)RUL20)4ZU{20420,8),0UUL20) WK (20),
1ZCOMP(2042046)yPHI{20420,6),CETA(20,20),DENC,POLY

PRINTS INTERIOR REGION

COMMON CASEID(14)oITS14ITSZ2,ITS3,ITS4+ITIL,ITI2,ITI3,IT14,EPS1,EPS

93
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a0 00

15
18

20

22

12.EPSB,EPS4,EPSS,EPSé,EPI1.EPIZ,EPIB.EPI#;EPIS.EPIb,EPI?,VP,AR,LEN
1GTH, APR, BPR,8IGAPR,BIGBPR,ESTAR s ALPHA,BETA,RHOSTRyEPRSy RHOS

COMMON XMESH{2042046) s XMESH2(20,20,46),2(20),R{20),SURF(15,8},SURFZ
1lleSlvTAB(15'14v2),TA82(15:14'21'SPART(15e2’2),RARFKISolligRARFZI
11544),RPART(15,2)

COMMON 20,R0+PO4U0,V0sLOsMO,RHDO,E0+AQ,UBAROyVBARD
COMMON NPyNT,NR,NI,NDEL,ISUB

COMMON ZMIN,ZMAX,RMIN,RMAX,RADIUS+GZ+GR,DELTA,H
COMMON DIRCOS

COMMON TIME

COMMON IRARF

COMMON KSTOP

COMMON TPSI

COMMON KKK

REAL LOyMO4LENGTH,MU,KC

DIMENSION BL{20,20,6),2TAB{20),RTAB(20}

T8SS=1.1

1=0

N=0

DO 15 I=1,20

DG 15 J=1,20

IF (ABS(BL(I4Jy1)}+ABSIBLU1¢Js2))+ABS(BL{1+J+3}))) 20,15,20
CONTINUE

WRITE (3,18}

. FORMAT (15HLTABLES ALL = 0/1H1}

CALL EXIT

I1=1

DO 30 I=11,20

IF (ABSC(BL({I,141))}+ABS(BL(I,1,2))¢ABS{BL(I,1,3))} 30.,22,30

00 25 J=1,20

27
28
29
30

32
33
34
35
36
37



25

30
a5
37

40

45

50

52
53

56
57
62

64

IF (ABS(BL(IsJs1))}+ABS(BL(14Js2))+ABS(BL{IyJ,3})} 30,25,30
CONT INUE

I12=1~-1

GO TC 35

CONTINUE

12=20

DO 45 J=1,20

IF (ABS(BL{I1,J,1))+ABS(BLIIl,Js2))+ABSIBL(TILsJs3))) 45,37,45
DO 40 I=Il.12

IF (ABS(BL(I,Js1))+ABSIBL{I,Js2))+ABS(BL(I+Js3)}) 45,40,45
CONTINUE

J2=J-1

60 10 50

CONTINUE

J2=20

Ji=1

PRINT TABLE

GO TO (52,:56)4KK

WRITE (3,53)

FORMAT (//24HDINTERIOR REGION AT TO=-H///)
G0 TO 62

WRITE (3,57)

FORMAT (//722HOINTERIOR REGION AT TO0/77)
D0 70 I=1I1,12

WRITE (3,64) ZTAB(I)

FORMAT (///THGZTAB =,F10.4//7X1HRIXIHPLTXIHULI7X1HV1ITX3HRHO15X1HELY

1X1HAZ/)

M=M+1

XS(M)=1TAB{I)

UuiM)=1.0

DO 69 J=Jl.Jd2

WRITE (3,68) RTAB{J}(BL(I+JsK)eKz1l,6)
N=N+1

RUIN}I=RTAB(J])

o)
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c
68
69
70

C

890
82

156

333

100

46

42
43

48
88

WWiIN)=1.0

DO 156 IK=1s6
ZUIM,NI=BL(I+Jy %)

IZ (M N)=BL{T4Jds1)
ZU(MgN, IKYI=BLI 1+ Jy IK)
FORMAT (F12.446E18.8)
CONTINUE

MMAX=N

N=0

CONT INUE

NMAX=M
IF{TIME.LT.TSS5) 60 TO 80
IMAX=12+1-11
JMAX=J2+1-J1

CALL SURFITIXSvUUoRU'HH'ZU'NMAX.HHAXQIHAX.JMAX CETA,PHI, ZCOMP,

15Q0,SQDC+SDC4DFC)
WRITE{3,100)
FORMAT(® *%xx ¢)

DO 88 IK=1.6

DO 48 I=1,IMAX

DO 48 J=1yJIMAX
DENC=0.00

DO 43 IS=1,NMAX
K=NMAX-IS5+1
POLY=PHI (K, MMAX, IK)
IF{MMAX-1)43443,46
D0 42 IT=2,MMAX
L=MMAX-IT+1
POLY=POLY*RULJ)I+PHI (KoL, IK)
DENC=DENC*XS{I)+POLY
ZCOMP{I,J+ IK)=DENC
CONTINUE

CONTINUE

WRITE (3,82}

FORMAT {(1HL)

RETURN

e
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G0 OO0

DEBUG SUBCHK

END

SUBROUTINE NRIT2(XsYeXOsDXeYOeDYIEX4EY+FGOF, ITyKODE,
1PHI s NMAX MMAX)
SUBRODUTINE NRIT2(X+YsX0¢DX,YO,DYEX(EY+FGOF,IT,KODE}

NEWTON-RAPHSON METHOD FOR SOLUTION OF
"TWO NON LINEAR EQUATIONS IN TWO UNKNOWNS

COMMON

CASEID(14) s ITSLyITS2sITS3eITS4ITILITIZHITI3ITIS4+EPSL,EPS

12:EPS34EPS4yEPSSyEPSOG+EPILLEPI24EPI3,EPI4EPIS,EPIGLEPITVPyAR,LEN
1GTHy APR,BPR,BIGAPR,BIGBPR,ESTARyALPHA+BETAyRHOSTR,EPRS,RHDS

COMMON

XMESH(2092046) ¢ XMESH2(2092046)92020),R(20)ySURF{15,8) ySURF2

L{15+8)»TABU15+414¢2) s TAB2(15+14+2)+SPART(1542+2),RARF(15411),RARF2(
115:4)4RPART(15,2)

COMMON
COMMON

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

Z0sRO+POUOsVOsLOsMOsRHDOEQ4AQ,UBARD s VBARD
NP NT sNR NI o NDEL, ISUB

IMINy ZMAX yRMIN,RMAXsRADIUS4GZ4GRyDELTAsH
DIRCOS

TIME

IRARF

KSTOP

TPSI

KKK

REAL LOsMO,LENGTH,MU,KO

DOUBLE

TS5%=1.

XB=X0
Y8=YQ
0OXX=DX
oYy=DY

PRECISION PHI(20420,6])

1

-
1%,
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266

267

DELX1=0
DELY1=0Q
KODE=0
CONTINUE

DO 50 I=1.1T
KK=0
XX=XB+DXX
YY=YB+DYY

IF(TIME.LT.TSSS) GO TO 266

CALL FGOF(XBsYYsF24G29PHIsNMAX,MMAX}
CALL FGOF(XXyYByFleGlyPHI,NMAXyMMAX)
CALL FGOF(XB,YByFO,G0,PHI,NMAX,MMAX)
GO0 TO 267

CALL FGOF{XB,YYyF2:,G2)

CALL FGOF{(XXs¥BsF1l,Gl)

CALL FGOF(XByYB+F0,G0)}
Al=(F1-FO}/DXX

Bl=(F2-FO)/DYY

C1==F0

A2=(G61-G0)/DXX

B2={62~G0)/DYY

C2=~6G0

DET=A1#*B2-A2%B1

IF (DET.EQ.D.) GO YO 920
DELX=(B2*C1-B1*(C2)/DET
DELY=(A1*C2-A2%C1)/DEY

IF (ABS(DELX).6T..001) GO TO 8
DELX=0.

IF (ABS{DELY).GT7..001) GO TO 9
DELY=0.

CONTINUE

SOEL=ABS({DELX+DELX1) +ABS(DELY+DELY1)
DELX1=DELX

DELY1=DELY

44
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OO0

11

10
15

45

46

TEST FOR SAME REGION

DO 10 J=1,1IT

XBL=XB+DELX

YB1=YB+DELY

IF (YBl.LE.O0.)1YB1=0.
M=COMP{XB,YBsXB1l,YB1)

IF (M.EQ.1) GO TO 15
CONYINUE

KK=1

DELX=.5*%DELX

DELY=.5%DELY

CONTINUE

GO TO 930 :

IF (ABS{XB-XB1).GT.EX) GO TO 45
IF (ABS{YB-YBl).GT.EY} GO TO 45
IF {(KK.NE.O} GO TO 45
X=xX81

¥Y=YBl

KODE=0

RETURN

CONTINUE

IF {KODE.NE.1) GO TO 46

IF (SDEL.GTL.EPI1) GO TO 46
DELX=45%DELX

DELY=,5%DELY

60 TO 9

" XB=XB1

Y8=YB1l

DEL=DELTA

DC 70 N=1,NDEL
XB2=XB+DEL
M=COMP{XB,YB4+XB2,YB}
IF {M.NE.1) GO TQ 55
DXX=DEL

9
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60
70

80

85

90
100

50

920
922

930 .

950

GO TO 80

X82=XB-DEL
M=COMP(XB+YB¢XB2,YB)
IF (M.NE.1) GO TO 60

- DXX=-DEL

G0 TO 80

DEL=.5%DEL

CONT INUE

GO TO 980

DEL=DELTA

DO 100 N=1,NDEL
YB2=YB+DEL
M=COMP{XBsYB,XB,YB2)
IF (M.NE.1} GD TO 85
DYY=DEL

GO0 TD 50

¥YB2=YB-DEL
M=COMP(XB,YB:XB,YB2)
IF (M.NE.1) GO TO 90
oYY=-DEL

GO TO 50

DEL=.5*DEL

CONT INUE

GO TO 990

CONT INUE

X=XB81

Y=YB1

IF (KODEJ.EQ.1) RETURN

KODE=1
GO0 70 1
WRITE (3,922) 1|

FORMAT (46HODETERMINANT IS O IN SUBR. NRIT2 FOR ITERATION,I4)

G TO 950
KODE=2
RETURN

WRITE (3,952) XO,Y0,XByYByXBLlsYB1,DELX,DELY
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113
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952

980

994

FORMAT

{1XS5HI0 =,E15.B,4X5HR0 =,E15.8/1X5HIB =,E15.8,4X5HRB =,

1E15.8/1X5HZBl =+E15.894X5HRB1 =4E15.8/1%X5HDELZ=4EL5.8+4X5HDELR=4E1
15.8/1H1}
CALL EXIT

RETURN
KODE=3
RETURN
KODE=4
RETURN

DEBUG SUBCHK

END

FUNCTICN COMP{(ZP,RP+ZP1+RP1)

DETERMINES IF 2 POINTS ARE IN THE SAME REGICN

COMMON

CASEID(14),ITSL, ITS2,ITS3,ITS4, ITI 1, ITI2,ITI3,ITI4,EPS]14EPS

124 EPS3 EPS4sEPSS EPSEsEPILLEPIZ,EPIIEPI4EPISEPIGLEPIT VP AR, LEN
1GTHs APR,yBPRyBIGAPR,BIGBPRyESTAR,ALPHA,BETA,RHOSTRy EPRSyRHOS

COMMON

XMESH(20+20,6) ¢ XMESH2(20,20+6)+2Z{(20)4R120)+SURF(15,8) +SURF2

1(15,8) 4 TAB(15,14+2),TAB2{159144+2)¢SPART{15,2+2) yRARF(15,11}¢RARF2{
115,4)4RPART{15,2)

COMMON
COMMON

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

204ROsPO+UDsVOsL0yMOsRHOO EO5AD s UBARD » VBARO
NP ,NT,NR+NI,NDEL  ISUB

IMINy ZMAXyRMINRMAX,RADIUS,GZ+GR,DELTA,H
DIRCOS

TIME

IRARF

KSTQOP

TPSI

KKK

REAL LO+MOsLENGTH,MU,KD
EPS=.0000001

IF (RP1.LT7.0.) GO TO 80
IF (IP1.GE.0.) GD TO 4

A/
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H&SOO00

i0

11
13

17
21

22

IF {(RP1.GT.RADIUS) GO TO 80

- FIND CONTROL CONSTANTS FOR ZP4RP

CONTINUE

IF (ITS3.EQ.1) GO TO 33
IF (IRARF.EQ.1) GO TO 13
M=PICK{ZP4+RP,3)

IF (ZP+.GT.RARF{M41).AND.M.NE.1)M=M-1
FF=RP=RARF{M+1,2)~(RARF(My 2)~RARF(M+1,2) )%(ZP-RARF(M+141}) /{RARF(M

1+1)=RARF{M+1,1))

IF (FF.LT.0.) GO TO 11
NN=1

60 10 13

NN=0

CONTINUE

DO 22 K=1,2
M=PICK(ZP1,RP1,K)

IF (RPLl.LT.TAB(M,2,K).AND.M.NE, 1) M=M=1

CONTINUE

FF=ZP1-TAB(M+141,K)—{TAB{My1,K)=TABI{M+1,1,K) })%x(RPLI-TAB(M+1,2,K} )/

1TAB(M,2,K)-TAB(M+1,2,K))
IF (K.EQ.2) GO TO 17

IF {RP1.GT.RADIUS) GO YO 21

IF (FF.LT.-EPS) GO TOQ 90
GO 70 21
IF (FF.GT.EPS} GO TO 100

IF (RP.GT.RADIUS) GO TO 22

M=PICK{ZP14RPly4)

FF=ZPLl-SURF{M+1,1)1-{SURF{My1)-SURF(M+1,1))*{RP1-SURF{M+1,2}) /{SURF

1{My2)-SURF{M+1,2))}

IF (FF} 80,22,22

CONT INUE

IF {IRARF.EQ.1) GO TO 33
M=PICK{ZP1,RP1,3}

IF {(ZP1.GT.RARF(My1).ANDM.NE.1)M=M=]
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31
32
a3

80

90

100

110

OO

FF=RP1-RARF(M+1,42)-{RARFI(M,2)-RARFI(M+1,2) ) *(ZP1-RARF(M+1,1))/{RARF
1(M; 1 }=-RARF{M+1,1)} ‘

IF (FF.LT.0.) 60 TO 31

NN1=]

GO TO 32

NN1=0

IF (NN1.NE.NN) GO TO 110

CONTINUE

- COMP=]

COMP=COMP+,.2
RETURN
COMP=2
COMP=C0OMP+,2
RETURN
COomMp=3,
COMP=COMP+.2
RETURN
COMP=4,
COMP=COMP+,2
RETURN
COoMP=5,
COMP=COMP+.2
RETURN

DEBUG SUBCHK
END

FUNCTION PICK{ZPRP,KODE]

DETERMINES 2 CLOSEST CONSECUTIVE POINTS ON SPECIFIED
LINE OF DISCONTINUITY TO A GIVEN POINT

COMMON CASEID(14)4ITS1,ITS2,1TS3,1TS4,ITI1,ITIZ2ZHITI3,ITI&,EPS]1,EPS
12,EPS3,EPS4+EPSS,EPS6yEPIL,EPI2+EPI3EPI4,EPIS,EPI6,EPITyVPoARyLEN
1GTH, APR,BPR,BIGAPR,BIGBPR,ESTAR,ALPHA,BETA,RHOSTR,EPRS,RHOS

COMMON XMESH(20420+6) ¢ XMESH2(20+20,6)+2120)4R{20),SURF(15,8),SURF2
101558) s TAB(1591442)+TAB2(1591492)ySPART{15,2+2)RARF{15,:11},RARF2(
115y4)+RPARTI(15,2}
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60
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COMMON ZO,RO,PO,4UQsVOsLO»MO4RHOO,EQ,AQ,UBARO,VBARD
COMMON NPoNTyNR¢NI,NDEL, ISUB

COMMON ZMIN,ZMAX+RMIN;RMAX 3 RADIUS,GZ+GR4DELTA,H
COMMON DIRCOS

COMMON TIME

COMMON IRARF

COMMON KSTOP

COMMON TPSI

COMMON KKK

REAL LO,MOyLENGTHy MU KO

GO TO {5+10,100,300),KODE

NN=NP

K=1

G0 TO 15

NN=NT

K=2

AA=(TABULy 14K)-ZP)*%24(TAB(1,424K)~RP}*%2

SEARCH SHOCK TABLES

DO 60 N=2.NN

Az {TAB(Ny1,K)-ZP ) %% 24{TAB{Ny2,K)-RP) **2
IF {A.GE.AA) GO TO 23
AA=A

CONTINUE

PICK=NN-1
PICK=PICK+,2

RETURN

PICK=N-1

PICK=PICK+,2

RETURN

0



100

200

203

300

400 .

303

304

AA={RARF{1,1)=2P)%%2+(RARF(1,2)-RP)*%2
SEARCH RAREFACTICON TABLE

D0 200 N=2+NR

A=(RARF(N;1)=IP }%¥2+(RARFIN,2}-RP) *%2
If (A.GE.AA) GO TO 203

AA=A

CONTINUE

PICK=NR~-1

PICK=PICK+,2

RETURN

PICK=N-1

PICK=PICK+,2

RETURN
AA=(SURF{Ll,1)-ZP)*%23(SURF(1,42)=RP}*%2

SEARCH FREE SURFACE TABLE

DO 400 N=2,NP

A= (SURF(N; 1)=2ZP)*%2+( SURF(Ny2)-RP) *%2
IF (A.GE.AA) GO TO 303

AA=A ‘

CONT INUE

PICK=NP-1

PICK=PICK+.2

RETURN

PICK=N-1

PICK=PICK+,2

CONTINUE

RETURN

DEBUG SUBCHK

END

SUBROUTINE GUESS(KOD1,KOD2,7ZP+RP+12,K2+ZGsRG+DZ4DR)

DETERMINES STARTING POINT AND DELTAS

SO
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FOR NEWTON-RAPHSON ITERATIGN

COMMON CASEID!14§gIT51vITSZfITS3¢ITS#-ITII-IT!Z'ITI3'ITI4,EP51'EPS
12-5953.EPS#,EPSS;EPS&.EPII.EPIZ,EPIB,EPI#,EPIS1EPI&;EPIT'VP.AR.LEN
1GTH1APR,BPR;BIGAPR:BIGBPR.ESTAR;ALPHA'BETA:RHUSTR,EPRS,RHGS

COMMON XMESH(ZO'20-6)'XMESHZIZO:ZOQ61'Z(20!oRtZO)cSURF(15o8),SURFZ
l(15'81;TAB(15'14f211TABZG15v14y23'SPART(15121211RARF115111)yRARF2(
11594),RPART(15+2}

COMMON Z0,RO4PD+UD,VOsL0,MO,RHOC+EC,AD,UBARD,VBARD
COMMON NP,NT,NR¢NI,NDEL, I5UB

COMMON ZMIN,ZMAX,RMIN,RMAX,RADIUS+GZ+»GRyDELTA,H
COMMON DIRCODS

COMMON TIME

COMMON IRARF

COMMON KSTOP

COMMON TPSI

COMMON KKK

REAL LOyMO,LENGTH,MU,KO

K§=0

1F (XDD1.EQ.2) GO TO 10
26=TAB(I12+1,+K2)

RG=TAB(12,42+K2)

IF {IRARF.EQ.1l) GO TO 9
M=1-(NR=-21*(K2~2}
FF=RG~RARF[M+1.21—(RARFIMp2)~RARF!M+1¢2!l*iIG*RARF(H+1;ll!I{RARF{M
1»1}-RARF{M+1,1))

IF (FF.GY.0.) GO YD 9
26=(1.-.02/{RADIUS-RG})I*16
RG=RG+.,02

IF (RG.GT.(RADIUS-.01)) GO TO 110
G0 1O 2

S
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24
25

26

- 20

zEgEalt NeRale)
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un
Y

55

CONTINUE

G0 TO 50

JJI=NT-1

IF (ITS3.EQ.1) GO TO
DO 24 M=1leJJJ

IF (RP.GT.TAB(M+1y2,2}.0R.RP.LT.TAB(M,2+2)) GO TO 24

60 TO 25
CONTINUE
CONTINUE

FF=ZP~TAB({M#1,192)=(TAB(M; 142)~TAB{M+1,1,2) ) *¥(RP-TAB(M+1,2,2})/(TA

26

1B{M,2,2)-TAB{M+1,2,+,2))
IF {FF.GT.0.) GO TO 20

CONT INUE
1G=1p
RG=RP

60 T0 50
IK=M

M=CROSS(TAB(IK,1,2),TAB(IK 292} s TAB(IK#1l3152)sTAB(IK¥152+2)404+0.¢
17P4RP4 ZG4RG) '

GO TO (5049204930),M
COMPUTE DELTAS
DEL=DELTA
Z DELTA

LL=0

DO 70 N=1,NDEL
I7=IG+DEL

M=COMP (ZGsRG4ZZ+RG)
IF {M.NE.1) GO TO 55
DZ=DEL

GO TO 8O

11=2G6-DEL
H=COMP(1G'RGtZZURG)

O



60
70

15
80

aReXyl

82

85

90
100
108

IF (M.NE.1) GO TO 60
DI=-DEL

GO TO 80

DEL=.5%DEL

CONTINUE

LL=LL+1

IF {LL.EQ.3) GO TO 75
RG=RG-DELTA/5.
DEL=DELTA

GO TO 52

K0oD2=2

RETURN

DEL=DELTA

IF (KS.EQ.1) GO TO 120

R DELTA

LL=0

DO 100 N=1.NDEL
RR=RG+DEL
M=COMP({ZGyRG,2ZG+RR)
IF (M.NE.1} GO TO 85
DR=DEL

IF (KS.EQ.1) GO TO 50
GO TO 120

RR=RG-DEL
M=COMP{ZG+RG+2ZG:RR}
IF (M.NE.1) GO TO 90
DR=-DEL

IF (KS.EQ.1) GO TO 50
G0 TO 120

DEL=.5%DEL

CONTINUE

CONTINUE

LL=LL+l

FLL=LL

IE
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104

110
120

- 920

922

930

932

950
952

OO0

IF (LL.EQ.5)} GO YO 110

IG1=ZG+DELTA/S.*FLL*{-1.)**LL
M=COMP{ZGyRG42ZG14RG)

16=161

IF {M.NE.1) GO TO 108

KS=1

GO TO 82

KOoD2=2

RETURN

K0D2=1

RETURN

WRITE (3,922}

FORMAT {42HOERROR FOR COINCIDENT LINES IN SUBR. GUESS)
GO TO 950

WRITE (3,932)
FORMAT (40HOERROR FOR PARALLEL LINES IN SUBR. GUESS)

WRITE (3,952) KODI,I2¢K2,2PRP

FORMAT (1XSHKOD1=9 14 24X3HIZ2= o[ 44 4X3HK2=,14/1X3HIP=yE15.844X3HRP=,E
115.8/71H1)

XVI=~2q

ZYX=SQRTIXYZ)

CALL EXIT

RETURN

END

FUNCTION CROSSIX1sYLoX2:Y2:X3 Y20 XbsY4eXseY)

FINDS INTERSECTION OF TWO STRAIGHT LINES

EPS=.0000001
Al=Y2-Y1
Bl=X1-X2
Cl=X1*Al+Y1*B]
A2=Y4-Y3

i

112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
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X=DL/DET
Y=D2/0DET
CROSS=1
CRDSS=CROSS+.2
RETURN
10 IF (ABS{D1}.GT.EPS) GO TO 20
IF (ABSI{D2}.LE.EPS) GO YO 30
20 CROSS=3
CROSS=CROSS+.2
RETURN
30 X=X1
¥Y=Y1
CROSS=2
CROSS=CROSS+.2
316 CONTINUE
RETURN
DEBUG SUBCHK
END
FUNCTION PART(MODE,ZP4RP+ZXsRXsDELTA,NDEL)
C
C LOCATES A POINT IN THE SAME REGION AS A GIVEN POINT
C TO BE USED IN COMPUTING A PARTIAL
C MODE=1,WITH RESPECT TO R
C MODE=2,WITH RESPECT TO 2
C
GO TO (2,4),MODE
2 DR=DELTA
DI=0a.
G0 10 8
4 DR=0.

B2=X3-X4
C2=X3*A2+Y3%B2
DET=A1*B2-A2%B1
D1=C1*B2-C2%8B1
D2=A1%C2-A2*(C}1

IF (ABS(DET).LE.EPS) GO TO 10



50

60

oD

DZ=DELTA

DO 50 NN=1.NDEL
RR=RP+DR

11=1P+D1Z
M=COMP(ZP,RP,22,RR}
IF {(M.EQ.1) GO TO &0
RR=RP=-DR

ZI=1P-~D1
M=COMP{ZIP,RP,ZZ,RR)
IF (M.EQ.1) GO TO &0
DZ2=DZ%*.5

ODR=DR*.5

CONTINUE

PART=2

PART=PART+,2

RETURN

IX=22

RX=RR

PART=1

PART=PART+.2

RETURN

DEBUG SUBCHK

END

FUNCTION PICK2(Z2P,RP,KODE)

DETERMINES 2 CLOSEST CONSECUTIVE POINTS ON SPECIFIED

LINE OF DISCONTINUITY TO A GIVEN POINT
COMMON CASEID({14)yITSL,ITS29ITS3ITS4ITIL ITIZHITI34ITI4EPS]1LEPS
124EPS34EPSA+EPSSEPSEyEPILyEPIZ2+EPI3EPIGEPISHEPIGLEPTITHVP4AR,LEN
1GTH: APRyBPRyBIGAPR+BIGBPRESTARyALPHA,BETA,RHOSTR,, EPRS+RHOS
COMMON XMESH(20420+6) s XMESH2{20+20+56),2(20)4R{20)+SURF(15,8)+SURF2
1(15¢8) s TAB(1551492),TAB2(15+14+92)+SPART{15+2+2)9RARF(15+11)4RARF2(
115,4),RPART(15,2)

COMMON ZO,RO,P0O,UD4V0,LO¢MO,RHOO,EQ,AD,UBARQ,VBARD
COMMON NPyNT.NRyNI4NDEL,ISUB

Va



60

23

100

COMMON ZMIN,ZMAX,RMINyRMAX ,RADIUS,GZ,GR,DELTA,H

COMMON DIRCOS

COMMON TIME

COMMON IRARF

COMMON KSTOCP

COMMON TPSI

COMMON KKK

REAL LO+MO+LENGTH,MU,KD

60 TO (5,10,100,205,210,300,500) ,KODE
NN=NP

K=]

GO TO 15

NN=NT

K=2 ‘

AA={TAB2({151,K)=ZP )*%24¢{TAB2(1,2,K}-RP}*¥2

SEARCH SHOCK TABLES

DO 60 N=2,NN
As{TAB2(Ny1+K)-ZP)*%24(TAB2{N,2,K)-RP) %22
IF (A.GE.AA} GO TO 23

AA=A

CONT INUE

PICK2=NN~-1

PICK2=PICK2+.2

RETURN

PICK2=N-1

PICK2=PICKZ2+.2

RETURN
AA={RARFZ2(1s1)-2ZP)*%24(RARF2(1y2)=RP)%*2

SEARCH RAREFACTION TABLE

DO 200 N=2,NR

y/£S,

l4
15
16
17
18
19
20

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49



200

203

205

210
215

260

223

300

A=(RARF2(Ny1}=ZP ) **¥24{RARF2{Ny2)=RP) *%2
IF {A.GE.AA) GO TO 203

AA=A

CONT INUE

PICK2=NR~1

PICK2=PICK2+.2

RETURN

PICK2=N-1

PICK2=PICK2+.2

RETURN

NN=NP

K=1

60 TO 215

NN=NT

K=2
AA=(SPARTI(1+1eK)=ZP)#*2+(SPART(1,2,K)=RP} **2

SEARCH SHOCK PARTICLE TABLES

D0 260 N=2,NN
A=(SPART(Ns14K)}=-ZP ) %22+ (SPART{N,2,K)=RP) *%2
IF (A.GE.AA) GO TO 223

AA=A

CONTINUE

PICK2=NN-1

PICK2=PI(CK2+.2

RETURN,

PICK2=N-1

PICK2=PICK2+,2

RETURN
AA=(RPART{1,1)-2P)%%24(RPART{1+2)=RP) #*x2

SEARCH RAREFACTION PARTICLE TABLE

DO 400 N=24NR
A={RPART(Ns1)=7ZP)*%24(RPART(Ny2)=RP)*%2 -

3
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54
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61
62
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64
65
66
67
68
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4900 .

403

500

520

523

COoOOOnn

IF (A.GE.AA) GO TO 403

AA=A

CONT INUE

PICK2=NR~-1

PICK2=PICK2+,2

RETURN

PICK2=N-1

PICK2=PICK2+,2

RETURN
AA=(SURF21{1,1)-2P )*%2+4{ SURF2{1,2)~RP ) *%2

SEARCH FREE SURFACE TABLE

D0 520 N=2,NP

A= (SURF2(Ny1)=ZP ) **2+{SURF2(Ny2)=RP) *%2
IF (A.GE.AA) GO TD 523
AA=A

CONT INUE

PICK2=NP~-1
PICKZ2=PICK2+,2

RETURN

PICK2=N-1
PICK2=PICK2Z2+.2

RETURN

DEBUG SUBCHK

END

FUNCTION TEST(ZIP,RP)}

OETERMINES IF A GIVEN INTERIOR POINT IS IN

THE REGION TO BE CONSIDERED

COMMON CASEID(14),ITSLsI1TS2,1T7S3,1T7S4,ITI1,1TI2,1T13,1TI4,EPS]1,EPS
124 EPS3/+EPS4EPSSyEPSGEPILyEPI2,EPI3,EPI4EPISHEPIGLEPIT+VP,AR,LEN
1GTHy APRyBPRyBIGAPRyBIGBPRyESTAR4ALPHA,BETA,RHOSTR,EPRS,RHOS

COMMODN XMESH(20+2046) 9 XMESH2(20920+6)+2(20) 4R(20),SURF(1548) ySURF2

ez
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1115!B)!TAB‘IS:14v2’rTABZ(1511412)'SPART(15'212)tRARF(lSnll)QRARFZ{
115,41 +RPART{15,2)

COMMON Z0sROyPO»UQsVO,L0sM0O,RHOO,EQ,AQUBARD » VBAROD
COMMON NP¢NT4NRyNIoNDEL,1I5UB

COMMDN ZMINyZMAX4RMINsRMAX4RADIUS+GZ+GR,DELTA,H
COMMON DIRCOS

COMMON TIME

COMMON TRARF

COMMON KSTOP

COMMON TPS1

COMMON KKK

REAL LO+MO+JLENGTHyMU,KG

EPS=.0001

IF (ITS3.£Q.1) GO TO 5

IF (RP.GT.(RADIUS+EPS]) GO TO 5

M=PICKZ2(ZP,RP,+T)
FF=ZP-SURFZ2(M+1,1)-{SURF2({My1}-SURF2(M+1,1})*{RP=-SURF2(M,21})/(SURF
12{My,2)=SURF2{M+1,2))

KICK=%

CALL DVCHK{KQ)

IF (KQ.EQ.1l) GO TO 9980

IF (FF} 2004545

CONTINUE

I¥f (ZP.GY.-EPS}) GO T0O 1

IF (RP.GT.(RADIUS+EPS)) GO TO 200

DO 10 K=1,2

IF (1TS53.EQ.1) GO TO 100

M=PICKZ(ZPRP,:K)

IF {TAB2(Me2:K)GCTRP.AND.M NE, 1) M=M=-1
FF=7P=TAB2{M+1+1+K)=(TAB2(My14K}=TAB2{M+1,1,K)})*(RP-TAB2(M+1,2,K}}
17(TABIM,2K)-TAB2(M+1,2,X))

ozo)



50
10

15
20

KICK=50

CALL DVCHK{KQ)

IF (KQ.EQ.1} GO TO 9980
IF (K.EQ.2) GO 7O S50

iF (RP.GT.RADIUS) GO TO 10
IF (FF) 200,10,10

I tFF} 10,10,200
CONTINUE

00 20 K=1,2

J=K+3

M=PICK2{ZP,RP,J])

IF (SPART{My2¢K).GT<RP,AND.M.NEo1}M=M~1
FF=ZP=SPART(M41,1,K)~(SPART{My1,K)~SPART(M+1,:1+K))*{RP-SPART(M+1,2

LeXK})/(SPART(My24K)~-SPART{M+142:K))

KICK=15

CALL DVCHK{KQ}

IF (KQ.EQ.1) GO TO 9980

IF (K.EQ.2) GD TO 15

IF (RP.GT.RADIUS) GO TO 20
IF (FF.LT..001) GD TO 300

GO TO 20

IF {(FF.GT.~.001) 60 TO 400
CONTINUE

IF (IRARF.EQ.1} GO TG 100

M=PICK2(ZP+RP¢+3)

FF=RP-RARF2(H+1,2)-(RARF21chl—RARFZ(M+1n2)l*(ZP—RARFZ{M*I:I})I(RA

1RF2{M, 1)-RARF2{M+1,1})
KICK=20

CALL DVCHK{KQ}

IF (KQ.EQ.1l) GO TO 9980
IF (FF.LT.0.) GD TO 100
M=PICK2{ZP,RP,+56)

FF=RP-RPART{M+1,42)~(RPART(Ms2}=RPART{M+1,2) ) *{ZP-RPART(M+1,1}}/{RP

1ART(M, 1)-RPART{M+1411})
KICK=100
CALL DVCHK (KQ)
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100

200

300

400

500

9980
9985

gEaRaNakel

IF (KQ.EQ.1) GO TO 9980
IF (FF.LT.0.) GO TO 500

TEST=1

TEST=TEST+.2

RETURN

TEST=2

TEST=TEST+,2

RETURN

TEST=3

TEST=TEST+.2

RETURN

TEST=4

TEST=TEST+.2

RETURN

TEST=5

TEST=TEST+.2

RETURN

WRITE (3,9985) KICK

FORMAT (32HODIVIDE CHECK NEAR STATEMENT NO.,15,14H IN SUBR., TEST/1
1H1) :

RETURN

DEBUG SUBCHK

END

SUBROUTINE FGOFS{Z5,R5»S5sQQsPHI ¢NMAX,MMAX)
SUBROUTINE FGOFS(Z54R5¢5S,QQ}

COMPUTES 55,Q5 FOR INTERIOR REGION
ITERATION FOR ZI54R5

COMMON CASEID{(14)+s ITSLe ITS24ITS3oITS4sITI1ITIZ2HITI34ITI4,EPS]1,EPS
124EPS34EPS4¢EPSS5.EPSOHsEPI1,EPIZ24EPI3EPI4,EPIS,EPISL,EPIT,VP,AR,LEN
1GTH, APR+BPRyBIGAPR,BIGBPR,ESTARyALPHA,BETA,RHOSTR,EPRS4RHOS

COMMON XMESH(20420+6) ¢ XMESH2(20+20¢6),Z(20)}4R{20},ySURF{15,48)ySURF2
1{15+8) s TAB{1591452) s TAB2{15914+2)+SPART(15+2+2)+RARF{15,11),RARF2(
115+4)+RPART (15,2}
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100
101

COMMON Z0sRO,P0O,U04VO,LOsMO,RHOD+E0,AC,UBARD +»VBARD
COMMDN NP¢NT,NR4NI,NDEL, ISUB

COMMON ZMIN,ZMAX;RMINRMAXyRADIUS,GZ+GRyDELTA,H
COMMON DIRCODS

COMMON TIME

COMMON IRARF

COMMON KSTOP

COMMCN TPSI

COMMON KKK

REAL LOsMO4LENGTH,MU4KD

DOUBLE PRECISION PHI(20,2046)

DIMENSION ANS(6)

TSSS=1.1

IF{TIME.GT.TSSS) GO TO 100

CALL DBLTRP{ZIS5,R5,ANS)"

G0 T 101

CALL DSURFT(Z5,R5,ANS,PHIyNMAX,MMAX)

US=ANS(2}

US=ANS{2}

V5=ANS (3)

$8=75-10+H*VS

QQ=R5-RO+H*US5

RETURN

DEBUG SUBCHK

END

SUBROUTINE ITRP

COMMON CASEID(14)yITS1eITS2,ITS3o1TS4, ITIL1,ITI2,IT13,1T714,EPS],EPS
12,EPS3,EPS4yEPSSyEPS6,EPILyEPI2,EPI34EPI4,EPIS,EPIGLEPIT,VPeARSLEN
1GTHqs APR, BPR, BIGAPR,BIGBPR,ESTARyALPHA,BETA,RHOSTR, EPRSyRHOS

COMMON XMESH{20,20,6)XMESH2{2042056),Z(20)+R(20)4SURF(15+8),SURF2
1‘15|81;TAB(IS!!#fZ’qTABZ(lS:l#sZi'SPART(ISgZ'ZJ,RARF(IS;II],RARFZ(

e

13
14
15
16
17
18
19
20

22
23
24
25

26
27
28

3l
32
33
34

[ R ISR S

<



O 60 00

OO0 M0

907
908

115541 RPART(15,2)

COMMON ZO4ROsPO4U04VOsLOyMO4RHOO4ED»AO,UBARD +VBARD
COMMON NP¢NT,NRNINDEL,ISUB

COMMON ZMINyZMAXoRMINsRMAX RADIUSyGZ+GR+DELTAWH
COMMON DIRCOS

COMMON TIME

COMMON IRARF

COMMON KSTOP

COMMON TPSI

COMMON KKK

REAL LO+MO,LENGTH,MU,KD

INTERPOLATION SCHEME FOR POINTS BETWEEN PARTICLE CURVES
AND DISCONTINUITIES

EP5=,0000001

KOD1=0

KOD2=0

DO 1000 J=1,20

D0 1000 1=1,20

M=TEST(Z(I),R{J)})

IF {M.NE.5) GO TO 906

IF (IRARF.EQ.1} GO TO 906

NR1=NR-1

DO 907 JJ=1,NR1

IF (RARF2(JJs1).LT.Z{1}.AND.RARF2(JJ+1,1).6T.Z{1)) GO TD 908
CONTINUE .

 CONTINUE

FF=R(J)-RARF2{JJ+14 2)+(RARF2{JJs2)~RARFZ2(JI+1,2) )% {2{]1)<RARF2(JJ+1
1:1))/7(RARF2(JIJI»1}-RARF2(JJI+141}}

/S

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42



906

8050
614

8ggs
8051

1001

8002
1003

1004

8005

" 1F {FF.LT.0.) GO TC 1000

CONTINUE

IF {(MeEQa3.AND.Z{1)LT.EPS.AND.ABSIR{J}~RADIUS).LT.EPS)

IF (M.LT.3) 60 TO 8051

WRITE (3,8050) ‘ |

FORMAT (30HOINTERPOLATION SCHEME EMPLOYED)
FORMAT (1XSHZO =,E15.844X5HRO =,E15.8)
20=2(1) .

RO=R {J)

WRITE (3,614) Z0,R0

WRITE (3,8888) M

FORMAT (1X4HM =,14)

CONT INUE

GO TO (1000,100041001,1010¢1100),M

IF (IRARF.EQ.1) GO TO 1003
M=PICK2{Z(1)4R(J},3)

GO YO 1000

FF=R{J}~RARF2(M+1,2) +(RARF2{M,2)~RARF2(M+1,2))%{Z(I1)=RARF2(M+1,1))

1/(RARF2{M, 1) ~RARF2{M+1,1))
IF (FF.GT.0.} GO TO 1003
DU 8002 K=1,6
L=K+2
XMESH2{I,J,K}=RARF{1,L)
G0 TO 1000
L=1+1
N=TEST(Z(L),R{J))}
GO TO (100451007,1030,1030,1050),N
M=PICK2{(Z(I)yR{J)sl}
DO 1006 K=1,8

ANS=TAB2{M,Ko11+{TAB2(M+1,Ks1)-TAB2(M, K.li)*(R(Jl TAB2(My241)}/(TA

182{M+1,2,1)-TAB2{M,2,1)])
IF (K.NE.1} GO TO 8005
ANS1=ANS

GO TO 1006

CONT INUE

IF (K.EQ.2) GO TO 1006
KX=K~2

/2O

43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
T4
75
76
77
78



9024

1006

1007

1008

1009

1010

IF (ABS{R({JI-RADIUS).GT.EPS) GO TO 9024

IF (K .GT.5,0R.K.LT.4) GO TO 9024

ANS=TABZ(M+]1,K,1)

CONT EINUE

XMESH2 (15 s KX)I=ANSH+{XMESH2 (Lo J4 KX} -ANSIZ{Z(I)~-ANSTI)}/{Z(L)-ANSL)
IF [ABSI{R(J)=RADIUS).GT.EFPS) GO TO 1006

XMESH2(1+Jy1)=0.

XMESH2(15J94)=RHOSTR

XMESH2{I,J45)=0.

XMESH2{1,J+6)=SQRT{BIGAPR/RHOSTR]

CONT INUE .

GO TO 1000

MM=PICK2(Z(I),R(J},2)

M=PICK2{Z{1},R(J),1)

00 1009 K=1,8

ANS=TAB2{M K, L)+ (TAB2(M+ L, K;1)~TAB2{MyKe1})*(R{J)-TAB2(M:2,1))/(TA
182{M4142411~-TAB2{M,2,1})

ANSH=TAB2(MM Ko 21 +{TAB2{MM+1,K,2)=-TABZ(MM,K,2) } *(R(J}-TAB2(MM,2,2)
1V/(TAB2(MM#1,42,2)~TAB2(MMy2+11}}

IF {X.NE.1) GO TO 1008

ANS1=ANS :

ANS2=ANSH

GO TO 1009

CONTINUE

IF {K.EQ.2) GO TO 1009

KX=K=-2 _

XMESHZE I3 3 oKX I=ANS+{ANSH-ANSI*(Z(I)~ANSL})/{ANS2-ANS1)

CONTINVE

GO0 TO 1000

IF (IRARF.EQ.1) GO TO 1013

M=PICK2{Z{1I),R{J),3)
FF=R{J)~RARFZ2{M+1,2)+(RARF2{Ms2)=RARF2{M+1,2) )% {2(]1}-RARF2{M+]1,11})

1/(RARF2(M,1)~RARF2{M+1s1})

IF {(FF.GY.0.) GO TO 1013
D0 1012 K=1,6
L=K#2

)/

79
80
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82
83
84
85
86
87
-88
89
90
91
92
93
94
95
96
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98
99
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102
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104
105
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110
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1012
1013

1014

1015

1016
1017

1024

1025

9125

XMESHZ2{1,J.K)=RARF{1,L)

G0 TO 1000

L=I-1

IF (ABS(Z(I)}}.LT.EPS) GO TO 1017

N=TEST(Z(L),R{J))

GO TO (1014,1017,1030,1017+1051),N

M=PICK2(Z(1),R(J),2)

DO 1016 K=1,8

ANS=TABZ2(MeKe2) +{TAB2(M+1,Ky2)~TAB2(M¢Ks2) } % (R(J)-TAB2{M,2,2) )}/ (TA
1B2{M+1,2,21-TAB2{M,2,2})

IF (K.NE.1) GO TO 1015

ANS1=ANS

GO TO 1016

CONT INUE

IF (K.EQ.2) GO TO 1016

KX=K~2 ‘ _

XMESH2{14JsKX =ANS+{ XMESH2(LyJyKX)~ANS}*{Z(1)=ANSL}/{Z(L)~ANSL)
CONT INUE :

G0 YO 1000

L=d-1

N=TEST(Z(I),R(L})

GO TO (102451030,1030,1030,1051),N

M=PICKZ2{Z(I),R{J},42)

DD 1026 K=2,8

ANS=TAB2{MoKs2) +{TAB2{M+1,K,2)~TAB2{MyKs2) ) (Z(I}=TABZ(My1,2))/(TA
1B2(M+1,1,2)-TAB2(M,1,2))

IF (K.NE.2) GO TO 1025

ANS1=ANS

GO TO 1026

CONTINUE

KX=K~2

IF (ABSIZ(I)}.GT.EPS) 6O YO 9125

IF (K.GT.5.0R.K.LT.4} GO TO 9125

ANS=TAB2(M+1,K,2)

CONT INUE

XMESH2( 1y JsKX)=ANS+{ XMESH2(I5L,KX}=ANS) ${R{J)~ANSL) /(R{L}~ANS1)

/A=
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1026

1100

1101

1106
1050

1051

1000

IF CABS(Z{I)).GT.EPS) GO TO 1026

XHESHZ(IQJ,1’=°¢
XMESHZ2{1+J»4)}=RHOSTR
XMESHZ2(14J95)=0.

XMESH2({1+J96)=SQRT(BIGAPR/RHOSTR)

CONT INUE
6D YO 1000
M=PICK2{Z(1},R(J),3)

ANSI=RARF2{M+142)4(RARF2(Ms2)~RARF2(M+1,2) )% (Z{I})~RARF2({M+1,1))/(R

1ARF2(M, 1 )-RARF2({M+1,1))
L=J+1
M=TEST(Z(I)sR(L}}

GO TO (110141030,1051+1030),M

CONTINUE
D0 1106 K=146
LL=K+2

XMESH2(1+JsK)=RARF{L1oLL }+{XMESH2(I,L,X)~ RARF(I,LL))*(R(J’ ANS1) /(R

LIL}-ANS])

CONTINUE

G0 TO 1000

JJ1=9

111=1

KoD1=1

GO TO 1000

JJdz=J

I112=1

KOD2=1

CONTINUE

IF (XOD1.EQ.O0) GO TO 2000
M=PICK2{Z{TI1)sR{JJ1)},1)
DO 2016 K=1,8

ANS=TABZ2 (M, K:1i+(TA82(H+1oKvli—TABZlMnglll*(RtJJl)*TABZ(M:ZvIIlll

1LTAB2(M+1,42,11-TAB2(M42,1))
IF (K.NE.1) GO TO 2005
ANS1=ANS

GO TO 2016

23
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154
155
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165

166
167
168
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170
171
172
173
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175
176
177
178
179
180
181
182
183
184
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2005

2016
2000

3015

3016
3000

1030
1040

3017

CONT INUE

=11l

J=J441

L=111l+1

IF (K.EQ.2) GO TO 2016
KX=K=2

XMESH2( Ty JoKX)=ANS+{XMESHZ2 {Ly JoKX)~ANSI*{2Z(] )-ANSYI)I/{Z(L)-ANS1)

CONT INUE

IF (KOD2.EQ.0) GO TO 3000
M=PICK2(Z{112},R{JJ2),2)
DO 3016 K=1,8

ANS=TABZ2(MeK 421+ (TABZ2IM+14Ke2)~TAB2( MK 2))5(R(JJIZ2)-TAB2(M2,2))/(

ITAB2(M+1,2,2)~TAB2(My2,21)
IF (K.NE.1} GO TO 3015
ANS1=ANS
GO TO 3016
CONTINUE
I=112
J=J3J42
L=112-1
IF (K.EQ.2) GO TO 3016
KX=K=2

XMESH2(I,JsKX)=ANS+{XMESH2 (L o JoKX}=ANS)I*(Z{I}-ANS1}/(Z(L)~ANS])

CONT INUE

CONTINUE

GO TO 3017

WRITE (3,1040) I.J

FORMAT (27HO TIME STEP TOO LARGE AT I=,14,2HJ=,14,///)

CALL EXIT
CONTINUE

RETURN

DEBUG SUBCHK
END

SUBROUTINE EXIT
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O O OO0

OO0

2
COMMON CASEID(14) s ITSLyITS2,1TS3,ITS4,ITI1,1T12,ITI3,ITI4,EPS1,EPS 3
12+ EPS A EPSA s EPSS EPSGBEPILLEPIZ2 EPI3,EPIL,EPISLEPIGHEPIT+VP4AR,LEN b
1GTHy APR.BPR,BIGAPR,BIGBPRESTARyALPHA,BETA,RHOSTR,EPRS ¢+ RHOS 5
COMMON XMESH{20+2096) 9 XMESH2(20,20+6)+2{20)4R{20),SURF{15,8) 4SURF2 é
1(1548)+TAB(15414,2)sTAB2{15,144+2)ySPART(15:2,2),RARF(15,11),RARF2{ 7
115+ 4)4RPART(15,2]) 8
9
‘ 10
COMMDN Z04R0O,PO, UQVO4LO0M0,RHOOQ,ED,AD,UBARD VEARD 11
: 12
COMMON NPyNTyNR,NIMNDEL,IS5UB : 13
: 14
COMMON ZMIN ZMAX RMIN,RMAX,RADIVS,GZ,GR+DELTA,H 15
COMMON DIRCODS 16
COMMON TIME 17
COMMON IRARF ' 18
COMMON KSTOP 19
COMMON TPSI 20
COMMON KXK 21
REAL LOsMO.LENGTH,MU,KD 22
KSTOP=] 23
STOP 24
END . 25
SUBROUTINE FGOFTI(ZX4RXySSeQQePHI JNMAX e MMAX)
SUBROUTINE FGOFIU(ZX+RX.55,QQ)
2
COMPUTES SI,Q1 FOR INTERICOR REGION 3
ITERATION FOR ZI.RI 4
- 5
COMMON CASEID(14)yITSLeITS24ITS3,ITS4,ITILITIZ,ITI3yITIS4LEPSL+EPS .3
12+EPS34EPS G EPSS,EPSOsEPILIEPI2yEPIALEPIALEPISEPIGHEPIT,VP,AR,LEN 7
1GTHy APR.BPR+BIGAPRsBIGBPRESTAR+ALPHA+BETA,RHOSTRLEPRS +RHOS 8
COMMON XMESHI2042046) ¢ XMESH2(20420,6),Z(20)+R{20),SURF(15,8}),SURF2 9
1(1548) s TAB(1591442)s TAB2(15,14,+2)+SPART{1552,2)RARF{15,11)},+RARF2¢( 10
115,4)¢RPART(15,2) 11

<=1



OO o0

zlgRalnly

100
101

COMMON ZOyRO4PO+UO,VCsLOsMOyRHOO,E0,AQ,UBARD 5 VBARD
COMMON NP,NT,NR,NI,NDEL,ISUB

COMMON ZMINy ZMAX RMIN,RMAX,RADIUS,GZ,GRyDELTA,H
COMMON DIRCOS :

COMMON TIME o

COMMON IRARF

COMMON KSTOP

COMMON TPSI

COMMON KKK

REAL LOsyMOsLENGTH, MU,KO

DIMENSION ANS(6),PSI1(4),SPSI(11),CPSI(11)
DODUBLE PRECISION PHI{20,20,6)

T§§5=1.1

IF(TIME.GT.TSSS) GO TO 100
CALL DBLTRP{ZX,RXyANS}

GO TO 101

CALL DSURFT{ZXsRXsANSsPHI,NMAX, MMAX)
UI=ANS(2}

UI=ANS(2)

VI=ANS(3)

AI=ANS(6)
SS=IX-ZO+HE{VI+ATI*SIN(TPSI})
QQ=RX~-RO+H*(UI+AI*COS(TPSI})
RETURN

/A&
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I1.2.

Method of Characteristics Calculations and the Computer Code
for Materials with Arbitrary Equations of State.
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COMMON CASEIDS14)s ITSLyITS241TS3,0TS4oITILITI2¢ITI3,ITI4,EPS1,EPSMAIN
L2, EPS34EPS4EPSSEPSGEPILEPI2,EPIZEPIG,EPIS,EPIGEPIToVPoARLLENMAIN

1GTH,APR,BPRBIGAPR,BIGBPR,ESTAR; ALPHA,BETA+RHOSTR, EPRS ¢ RHDS

MAIN

COMMON XMESH{20420,6) ¢ XMESH2(20520+6) 21203 +R{20)4SURF(15,B3iySURF2MAIN
1015,8) s TABL 15014920, TAB2(15414¢2):SPARTI15+242)sRARF{15,11)4RARF2{HALIN

115,4),RPART( 15,42}

COMMON ZO0yRO4PO4UO4VO,L0O¢MO¢RHOO,EO+ADsUBARD» VBARD
COMMON NP oNT o NR NI ,NOEL,ISUB

cDHMOH ZMINy ZMAX RMIN,RMAX yRADIUS ¢ GZ,GRyDELTAH

COMMON DIRCOS.
COMMON TIME
COMMON IRARF
COMMON KSTOP
COMMON TPS1
COMMON KKK

REAL LOsMO,LENGTH,MUKD
KR=10

EPS=.0000001

KSTOP=Q

FORMAT (1H1}

CALL OVCHK{(KEY}

KICK=0

IF (KEY.EQ.1) GO YO 9980

DO 2 K=le¢b

D0 2 J=1,+20

DO 2 I=1,20
XMESHI I JeK) =0a
XMESHZ2 (L+deK)=0.
CONTINUE

3/

MAIN
MAIN
MAIN
MAIN
MATN
MALN
MAIN
MA TN
MAIN
MA TN
MATM
MATN
MALN
MaIN
MAIN
MAIN
MAIN
MAIN
MATM
MAIM
MATN
MAEIN

MAIN

MAIN
MAIN
MATIN
MAIN
MAIN
MALM
MAIN
MAIN
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C KRW=0 . MAIN

NUZON=0 MAIN

c MAIN

C MAIN

WRITE (3,4} MAIN

¢ _ . MAIN

c DATA INPUT SECTION MAIN

c MAIN

4 FORMAT (S2HLHYPERVELOCITY IMPACT METHOD OF CHARACTERISTICS CODE///MAIN

1) : MAIN

c ID AND FX. PT. CONSTANTS MATN

c MA IN

READ (148) CASEIDoETS1,ITS2,ITS3,1TS4, ITILyITI2, 17134 IT14,NDEL MAIN

8 FORMAT {13A6,A2/913) - MAIN

IRARF=ITI2 MAIN

C MA IN

c FL. PT. CONSTANTS MAIN

c MAIN

READ (1015) EPSL,EPS2¢EPS3,EPS4EPSS,EPS6.,EPIL4EPI2,EPI3,EPL4,EPISMAIN

11EPT6,EPIT MAIN

READ (1e14% NP,NT,NR MAIN

14 FORMAT (313) MAIN

READ (1,15) APRyBPR,BIGAPR,BIGBPR,ESTAR,ALPHA,BETA,RHOSTR,EPRS,REFMAIN

1t MAIN

READ (1,150 ZMIN,ZMAX,RMIN,RMAX,GRoGZ, DELTAsVPyLENGTHsRADIUS,HSTARMAIN

15 FORMAT (6E12.8) ' MAIN

READ (1,15) RST MAIN

IF (RST.GT.0.} GO TO 16 MAIN

REWIND 9 MAIN

C DO 1529 JTP=1,200 MAIN

READ (9)TIME MA N

c IF(ABS{RST+TIME}.LT..001) GO TO 1530 MAIN

¢ READ(9)8LOB MAIN

€1529 CONTINUE MAIN

1530 CONMTINUE MAIN
C

KRH=1 | MAIN

/32




1500

1501

16

10

18

OOO

22

READ (9){UUXMESHIOL 3 J oK) g l=14200 40214201 4K=1p8) o {Z(1)e1=120),(R{OTIMAIN
161=1,20) ¢ ({SURFIUI4J)oel=1415)sd=148)y ({{TAB I JsKlyI=1,y15¥5J=1,y14)4MAIN
IK=1e2) o (IRARFUT 4 JY 2 I=1 4150 o J=l s L1 ) o TIME ZMIN, ZMAX,RMIN,RMAX sGR¢ GZ y MAIN

1AR MAIN
00 1500 J=1.+20 MAIN
D0 1500 I=1,20 MAIN
DD 150G K=1,46 MAIN
AMESH2 (L 4 JoKY=XMESHI T ¢ Jo K} MATIN
0O 1501 I=1.+15 MAIN
DO 1501 J=1,8 - MAIN
SURFZ{1,J3=SURF(I,J) MA IN
WRITE €2,145%) TIME MAIN
CALL SOouy MAIN
CALL PRINT{XMESH2,Z.R,1) MAIN
KREFL=0 ' MAIN
CONTINUE MAIN

WRITE (3410) CASEIDITSL4ITS2,ITS3, 1TS54, IVIL,ITI2,ITI3,ITI4,NDEL MAIN
FORMAT (1X13A6,A2//717H SHOCK ITERATIONS6X,414//20H INTERIOR ITERATMAIN
1IONS3X,614//7TH NODEL =.14//7}) . MAIN
WRITE (3,183 EPS1.EPS24EPSI(EPSHEPSSEPSOHYEPILWEPI2+EPI3,EPTI4,EPIMALN
15+ EPIOGEPT ToZMIN,ZMAX JRMINRMAX DELTA VP2 LENGTH RADIUS, APR,BPR,BIGMAIN
1APR,BIGBPR,ESTAR;ALPHA,BETA,RHOSTRJEPRS,REFL MATIN
FORMAT (///38H ERROR CRITERIA FOR SHOCK COMPUTATIONS//S5X8BHDELTA Z1MAIN
18X8HDELTA RIBXIHDELTA RHOTXTHOELTA EIXTHDELTA PIXTHDELTA U/6EL6.6/MAIN
177414 ERROR CRITERIA FOR INTERIOR COMPUTATIONS//SXB8HDELTA Z1BX8HDEMAIN
ELTA RISBXTHDELTA POXTHDELTA U9XTHDELTA VIX9HDELTA RHOTXTHDELTA E/TEMAIN
116.67/775X4HIMINLZ2XAHIMAX L2 XGHRMINL 2X4HRMAXE2XSHDELTALLX2HVP 14 X6HLEMATIN
INGTHIOX6HRADIUS/BEL16.6///5X2HAY14X2HB 14 X6HBEIG A'10X6HBIG BY 1DX2HEMAIN
1%L 4XSHALPHAL1X6HBETAL2X4HRHO*/BEL16.6//5X3HE S1IX4HREFL/2EL6.6///) MALN

IF {(RST.LT.0.3 GO TC 140 MATN
MAIN

STORE RHO* [N ALL XMESH MA IN
MAIN

00 22 J=1+20 MATN
DO 22 1=1,20 MA TN
XMESHE I¢+Jy4)=RHOSTR MAIN
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laNa Nl ]

230

FORMAT (5E12.8)

PROJECTILE SHOCK

CALL EQODS1(PRHO,PPP, PVVgPEEgYEEfTRHOvKiCK!

IF (KICK.EQ.2200) GO TO 9980

D0 230 N=1,NP

TAB{NsLo1)=(PRHO*PYY-RHOSTR*VP ) *HSTAR/ {PRHO-RHOSTR)

EE=N~1
FNP=NP

TAB(N 241§ =RMIN+EE®(RADIUS~RMIN)/FNP

TABIN,341}=PPP
FAB‘N1&11f=U-0
TAB(N¢Se11=PVV
TAB( My b,e1)=PRHO
TAB(N.7,1}=PEE
TAB(N,9:1}¥=0.0
TAB(N,10,19=1.90
CONTINUE

TARGET SHOCK

M=0
DO 240 N=1,NT
EE=N-1
FNT=NT-4

TAB(N, 242) =RMIN+EE*(RADIUS-RMIN)/FNT

TAB(N,T,2¥=TEE
TAR(Ny 649 2)=TRHO
TAB(Ns3,2)V=PPP

IF (TAB(N,2,2).GT.RADEUS)

TAB({N,1,2)=TRHO*PVV*HSTAR/ (TRHO-RHOSTR)

TAB{Ns%921=0.0
TAB(N; G2} =PVVY
TAB(N:;9,21=0.0
TAB{N;s10421=1.0

GO 10 250

/27

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MATIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

109
110

111 .

112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144




250

240

205

210

220

260

GO TO 240

tF=M
TAB{N,9+2)=SIN{.S5236+EF*,2618)
TAB(Ns 10, 21=COS{.52364EF%,2618)
TAB(Ns 4220 =PVVETAB(N.9,2)
TABINyS5.2)=PVV*TAB(N,10,2)
TABIN,;142)=TAB{151+2)*TAB(Ny10,21)

TAB(Ng2421=RADIUS+TAB(L,1,2)*TAB(N,9,2)

M=M+1
CONTINUE

RAREFACTIGN

CALL EQDS2(PPP,PRHO,PEE)
EE=NR~1
ADEL=(TABl1,1,2)-TAB{1,1,1})/EE
RARF(Ll+1)}=TAB(1,41+2)
00 205 N=Z2.NR
RARFINs1}=RARFIN-1,1)—-ADEL
CONTINUE
DO 210 N=1.:NR
RARF{N10)=(RARF(N,1)/HSTAR-.5%VPI /AR
RARF{N,9)=~SQRT(l.-RARFI(N,10})*%2)
RARF{N+2)=RADIUS+HSTAR*ARXRARF(N,9])
CONTINUE
DO 220 N=1.NR
RARFINL»3)=TAB(1.+3,1)
RARF{N,4)=0,
RERF{NS)=TAB(1,5,1])
RARFING6I=TABl1l+6,1)
RARF(NsT)=TABLL:7+1)
CONTINUF

REGION INTERIOR TO SHOCKS
[=-Z2MIN/GZI+1.2
J=0
J=J+l

/395

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIM
MAIN
MAIN
MAIN
MAIN
MAIN
MATN
MAIN
MAIN
MAIN
MAIN
MAaIN
MATN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180



[aNaNel

50

51

5000

5G03
5001

XMESH( I, Jo1)=PPP

XMESH{IL:J.3)=PVY

XMESH( Y, J¢%)}=PRHO

XMESH{1,J,5)=PEE

EE={J4-1)

IF ((EE*GR-RADIUS).LT.-EPS) GO TO 260
XMESH{I4de10=0.

XMESH( !4Js4)=RHOSTR

XMESH(I+J+5)=0.

FREE SURFACE

DD 50 I=14NP
SURF(141)==LENGTH+VP*HSTAR
SURFI(1,2)=TAB(1+2,1)
SURF(I,3})=0.

SURF(I,+4)=0.

SURF(I,.5)=vP
SURF(T46)Y=RHOSTR
SURF(I,71=0. ,
SURF{[,8)=SQRT(BIGAPR/RHOSTR}
CONTINUE

DO 51 [=1,NP

00 51 J=1.8
SURF2(I4Ji=SURF({I,J])

IF (NUZON.EQ.O} GO TO 5001
GR=GR#*2.

GI=Gl%2,

IMAX=2ZMAX®2.~IMIN
RMAX=RMAX#*2,

MLIZON=L

WRETE (3,5003)

FORMAT (7TH REZIONE///}
CONYINUF

/3¢

MAIN
MAIN
MAIN
MAIN
MA TN
MAIN
MATN
MATN
MAIN
MAIN
MAIN
MAIN
HAIN
MAIN
MAIN
MAIN
MA LN
MAIN
MAEIN
MAIN
MAIN
MAIN
MAIN
MAIN
MA LN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

MATHN

MAIN
MAIN
MAIN

181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
201
208
209
210
211
212
213
214
215

216




55

5100
5101

57

59

61

63

-3

68

00 55 1=1,20

EE=[~1

2{1)=IMIN*EE*GZ
R{1)}=RMIN+EE*GR

CONTINUE

IF (NUZON.EQ.D) GD TO 5101
DO 5100 t=1,10

DO 5100 J=1,10

D0 5100 K=146

L=2%]-1

M=2%J-1

XMESH( T, JyK)=XMESH{L MK}
CONTINUE

GO TO 157

CONTINUE

COMPUTE A FOR 2 SHOCKS AND MESH

DO 86 K=1,3

GD TO (57:59:61) 4K
NN=NP

JJ=1

GO TO 63

NN=NT -
Ji=1

GO TO &3

NN=20

JI=20

DO 84 HM=1.NN

D0 82 J=1l+J4J

GO TO (65,65,68),K
P=TAB(N. 31K'
RHO=TAB(N,6,K)
E=TAB(N:7,K)

GO TO 70
P=XMESH{ N,y 11}

/352

HMATN
MA LY
MAIN
MAIM
MATIN
MAIN
MA TN
MAIN
MAIN
MA IN
MAIN
MAIN
MAIN
RAINR
MAIN
MAIN
MAIN
MA TN
MAIN
MAIN
MAIN
MA& IN
MAIN
MAIN
MA TN
MAIN
MAILHN
MA TR
MAIN
MATIN
HMAIN
MAIN
MAIN
MAIM
MAILN
MA TN

217
218
217
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252



T0

16

78
82
84

[z Nala)

g Ea el

94

95

93

96

RHO=XMESHY JoN,4) MAIN

E=XMESH(JyNy5) MAIN
CONTINUE MAIN
CALL EQOS3{RMO,AA+ELP) MAIN
GO YO (T76,76,78),K MAIN
TAB(N,&.K!=AA MAIN
GO Y0 82 MAIN
XMESH(JyNoG)=AA MAIN
CONTEINUE . MAINM
CONTINUE _ MAIN
CONTINUE MAIN
KICK=86 MAIN
CALL DVCHKIKQ} MAIN
IF (XKQ.EQ.1) GO TO 9980 : MAIN
MAIN

STORE A FOR RAREFACTION MAILN

: MAIN

D0 90 I=l4NR MAIN
RARF(I,B)=AR : MAIN
MAIN

COMPLETE SHOCK TABLES MAIN
MAIN

00 99 K=1,2 : MA LN
GO TO (92,94),K MATN
NN=NP _ MAIN
GO TG 9% MAIN
NM=NT MAIN
US=0. MAIN
DO 97 N=1.NN MAIN
GO TO (93,96) K MAIN
CONTINUE MAIN
US=VPETAB{N,10,1) , MAIN
CONTINUE MAIN
TABIN L1 oK)I=TABIN 9y K)®TAB (N4 K)+TAB(Ns 1O KIRTAB(NyS.K) MAIN
TARBING 12, K)=TABINs Gy KI¥TAB{N:5,K)=TAB(N, 10, K)STAB(Ny&,K) MAIN

TAB{NyL13,KI={(TABINs 64K )*ABSITABI(N«114K} I}/ (TABINy6,KI-RHOSTR) ~US)MAIN

/38

253
254
255
256
257
258
259
260
261
262
263
264
265
266
261
2680
269
210
271
272
273
274
275
276
277
218
279
280
281
282
283
284
285
286
287
288




135

139

140
142
143
145

9499

VYOV Y

1¥(-1,)¥»K
TAB{N' 14'Kl=1«n
CONTINUE
CONTINUE

STORE ALL XMESH I[N XMESH2

DO 135 K=14+6

DO 135 J=1.20

DO 135 I=1.20

XME SHZ (T 4 JeK)=XMESHI{ 1y Jo K}
CONTINUE

TIME=HSTAR

WRITE (3,145) VIME

CALL SQuv

CALL PRINTHU{XMESH2 47 R¢l)

KREFL=0
IF (KREFL.NE.O) GO TO 143
ENTRY FOR TIME STEP

READ (14142) H

FORMAT (E12.8)

CONTINUE

TIME=TIME+H

WRITE (3,145) TIME

FORMAT (LHL1///6H TIME=,E15.B///)
WRITE (3,999) KR

FORMAT (5X44H KR=,15)

ADVANCE SHOCK POINTS

O0 159 N=l,NP
[F {TAB(Ns14+1).LT.0.) GO TO 156

3T

MATN
MA TN
MAIN
MAIN
MAILN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MA IN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAEN
MAIN
MA TN
MAIN
MAIN
MATN
MAIN
MATN
MAIN
MAIN
MAIN
MAIN
MA LN

289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
3l4
315
316
317
318
319
320
321
322
323
324



IF ((TAB{NsLs11-SURFI(N,1)).GY.EPS) GO TO 154 MAIN 325

156 TAB2(Ns1,1)=TAB(N,1,1} MAIN 326
TAB2(N,2+11=TAB(N,2,1) MAIN 327
TAB(Nsléeld=—1. MAIN 328
GO TO 159 MAIN 329

154 TAB2(NoLlsL)=TABIN,1:1)+TAB(N,E3 1) *HETARBIN, 10, 1) ~VP¢TABIN,9,1)*TABMAIN 330

1{Ny10,1)%H MAIN 331

150 TABZ(N 2¢l1=TAB( N, 2411 +TAB(NyL3 1 *HETAB(N, T+ 1)~VPETABI(N,9, 1} %62%HMAIN 332

159 CONTINUE - . MAIN 333
DO 155 N=14NT MAIN 334
TABZ2(Nels2)=TAB(MN,s12)}4+TAB{N,1342)¢H*TABIN,y10,2) MAIN 335

155 TAB2(N2¢2)=TAB(N2,21+TAB(Ny13,2)%H*TAB(Ns9,2) MATN 336
DO 158 M=14NT MAIN 337
IF (TAB2(M,1,2).GT.ZMAX) GO TG 5000 : MAIN 338
IF (TAB2(M,2,2).GT.RMAX) GO TO 5000 MAIN 339

158 CONTINUE ' MAIN 340

157 NUZON=0 MAEN 341

C ADVANCE RAREFACTION MAIN 342

C - MAIN 343
IF (RARE{1,42).LT.0.}IRARF=} MAIN 344
IF {IRARF.FQ.1! GO TO 516 MAIN 345
ENR=NR~-1 : MAIN 346
ADEL={TAB2{1,1.:2)-TAB211,1.10)/ENR MAIN 347
RARF2(1,1)1=TAB2{1+1,2) MAIN 348
DD 510 N=2,NR MAIN 349
RARF2{Ny11=RARF2{N-1,1}-ADEL MAIN 350

510 CONTINUE MAIN 351
DO S15 N=1,NR MAIN 352
RARF2{Ny3)={RARF2(N,LI/TIRE-,5%VP} /AR MAEN 353
RARF2{Nys4)=-SQRT{L.-RARF2{N,3)*%2]) MAIN 354
RARF2(MNs2)=RADIUS+TIME®*ARSRARF2 (N 4) MAIN 355

515 COMT INUE MAIN 356

516 CONT INUE MAIN 357
CALL SHOCK MAIN 358

C MAIN 359

C MAIN 360

pase,




alaNe

520

525

530
531

568
569

5300

OO0

YOG

570

IF (ITS3.€Q.1) GO TO 569
SHOCK COMPUTATIONS COMPLETED
COMPUTE PARTICLE CURVES

TMP=,5%«VP*H

DO 520 N=1.NP
SPART(N,I|1)=TA8‘Nvl!1)*TAB(N|5!1]*H
SPART‘N|2'1'=TAB(N'2!1'*TAB‘N!“!l]*H
00 525 N=1,NV
SPART(Ns1¢42)=TAB(N,1+2)+TAB{N,5,2)%H
SPARTI(NG2+2)1=TAB(N2,2)+TAB(Ny&,s2)*H
IF (IRARF.EQ.1) GO TO 531

DD S30 N=1+NR
RPARTIN,L1¥=RARF{N,1)}+THMP
RPART(N,2}=RARFIN,2)

CONTINUE

CALL SOUT2

CONTINUE -
ADVANCE PROJECTILE REAR SURFACE

00 5300 I=1,NP

D0 5300 J=1,8

SURF2( 1, J1=SURF(14J}

KICK=568

CALL DVCHK{KQ)

IF (KQ.EQ.1) GO TO 9980

START INTERIOR REGION COMPUTATIONS
CALL INTER
INTERTIOR REGION COMPUTATIONS COMPLETED

CALL PRINT{XMESH2,Z+R,2)
CONTINUE

ezd

MA TN
MaIN
MAIN
MATN
MAIN
MA TN
MA N
MAIN
MAIN
MA TN
MAIN
MAIN
MAIN
MAIN
MATN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MA LN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MA IN
MAIN
MAIN
MAIN
MAIN

361
382
363
364
365
366
367
368
369
370
371
372
373
374
3715
376
arT
378
379
380
381
382
383
384
385
386
387
388
389
330
391
392
393
394
395
396



[aNaNel

920

930

940

950
951

959
960

INITIALIZE FOR NEXT TIME STEP

DO 920 K=zl,.6

DO 920 J=1.,20

DB 920 1=1,20

XMESH{ T 9 Je K} =XMESHZ2 ([ 4J,K}
CONTINUE

00 930 J4=1,13

00 930 I=1.NP
TAB(I,J:0)=TAB2M(1,+J,1}
CONTINUE

00 940 J=1,13

D0 940 I=1,4NT
TABC(1,J,2)=TAB2(1,J.2)
CONTINUE

IF {IRARFLEQ.1) GO TO 951
D0 950 [=1+NR

RARF(I L)=RARF2(1,1)
RARFUI142)=RARF21{1.2)
CONTINUE

CONTINUE

00 960 I=1,NP

DO 959 J=1,5 -
SURF{I+J}=SURF2LI,J}
CONTINUE

CONTINUE

IF (KR.EQ.10) GO TOD 888
REWIND 4

WRITE (4)TIME

MATN
MATN
MATN
MAIN
MALN
MAIN
MAIN
MATHN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
HMAIN
MA N
MAIN
MAIN
MAIN
MAIN
MATN
MAIN
MAIN
MAIN

WRITE (4} CIXMESHIT o JeKYgI=1920) ¢J=1420)4K=146),(Z01}41=1,20}s(ROIMAIN

KR=10
60 1O 117

Yz

1)91=1020) o COSURFIT o) oI =1515) 4 d=l o8y (C(TAB{I4J9K}sI=1,15)4J=1,14)IMAIN
1eK=192) o (CRARF{I4J}oI=141509J=lell) s TIMEsZMINy ZMAXyRMINyRMAX ¢ GRy GZMAIN
1. AR

MAIN
MAIN
MAIN

EXA
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432



8as

777

980

970

9380
9985

OO0

REWIND 10 MAIN
IF{KRW.EQ.1)REWIND1O MAIN
KRW=0 MAIN
WRITE (10}TIME MAIN

WRITE (10VCC{XMESHIT yJyK)ol=1420)9J=14200sK=1e6¥,0(Z(1}y[=14+2001,(RIMAIN
LI)e =120 o CASURFI T g J} o T=1 9150 0 J=1 481 o LUUTAB(I s JsK)pI=1,15)sJ=1,14MAIN
1)eK=192) o0 (RARFUT 9J) o1=191519J=1yl1}+TIMEyZMIN, ZMAXs RMINy,RMAXyGRy GMAIN

LZ+AR MAIN
KR=4§ MAIN
IF (KREFL.EQ.O} GO TO 980 ) MAIN
KRFEFL=Q MAIN
H=H] MAIN
GD TO 143 MAIN
CONTINUE ) MAIN
CALL DVCHK{KICK) MAIN
If (KICK.EQ.2) GO TO 140 MAIN
HRITE €3,970) MAIN
FORMAY (28HODIVIDE CHECK AT END OF CASE/L1#H1) MAIN
CALL EXIT . MAIN

MATIN

ODIVEIDE CHECK MAIN
MAIN

WRITE (33,9985 KICK MAIN
FORMAT (32HODIVIDE CHECK NEAR STATEMENT NOD.sIS/1H1) MAIN
RETURN MAIN
END MATN
SUBROUTINE OBLTRPIUZX.RXeANS) SuBl
SuBl

1ST DRDER DOUBLE INTERPOLATION THAT CONSIDERS 5uUB1L
LIMES QF DISCONTINUITY IF IN CONSIOERED REGION suBl
s5uUBl

COMMON CASEED(14) ¢ ITS140TS24ITS3,1VS4,ITI1,17T12,ITI3,1IV14,EPSLyEPSS5UBIL
L2+ EPS34EPS4yEPSS+EPSOWEPI) yEPIZVEPI3ZEPIS+EPIS+EPIGLEPTIT VP AR,LENSUBL
1GTH3APRyBPRyBIGAPR ¢BIGBPRGESTAR ALPHA,BETA,RHOSTRsEPRS,RHOS susl
COMMON XMESH(20420,61 ¢XMESH2(20,20+6)4+2(20)+R{20},SURF(15,81,S5URF2S5UB1
1(1598) o TAB(1541492) o TAB2(15,14,2)45PART(154242)4RARF(15,11),RARF2{SUBIL

&3

433
434
435
436
437
438
439
440
441
442
443
444
445
446
467
448
449
450
451
452
453
454
455
456
457

o
un
s <]

fa IV I N AN R VL R

—




o

[a

L2000

115,41 RPART(15,2)

COMMON ZOsROsPO+UO+VOsLO,MORHOOLEO¢AQ UBARD,VBARD

COMMON NP ¢NTyNRNI o NDEL,ISUB

COMMON IMINyZMAX RMINJRMAX RADIUS G2 +GRyDELTAH
COMMON DIRCOS

COMMON TIME

COMMON [RARF

COMMON KSTOP

COMMON TPSI

COMMON KKK

REAL LOsMO,LENGTH,MU,KO

DIMENSION ANS(6) dANSL(248) yANS2(2,814Z1(4)sRIL4D, 1K (4D
 CALL DVCHK(KEY)

IF (KEY.FQ.2} GO 7O 4
ND=0
GO TO 940

FIND SUBSCRIPTS FOR GRID

I1=(Z2X~2ZMIN)/G2+1.000001
[2=11+¢1

J1=(RX-RMIN) /GR+1.000001
J2=41+1

NN=NP

IF (1TS3.EQ.11 GO TO 3
DO 1 K=1+2

[F (K.EQ.2INN=NT

DO 1 I=1,NN
ALF=SQRT({TAB(I 1 ,K}=ZX)*#2+(TAB{1,2,K)-RX)*%2)
IF (ALF.GT.EPSL) GO TO 1
ANS{1)1=TABIL1,43,K)

oo

suB1l
susl
SuBit
SUBL
SUBL
SUB1
suBl
SuUBl
susil
suel
suBl
SuBl
SuUB1
susik
SuBl
suBi
SUBL
suBl
SUBL
suBl
susl
susel
SuBl
suBsl
susi
suBl
suBl
susl
SUBlL
suBl
suBl
SuBti
susl
suil
SuUBl
SuBl

11

13
14
15
16
17
i8
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
15
36
37
38
39
40
41
42
%3
44
45
46



OO WM

alsla

ANSEZ2I=TAB(I ,4,K)
ANST{3)=TAB(]I +5,K}
ANS{4)=TAB{],6,K)
ANSIS)I=TABLI,T:+K)
ANSIUL)=TAB(],8,4K)
RETURN

CONTINUE

IF (IRARF.EQ.1) GO TO 3
DD 2 I=14NR

ALF=SQRT(IRARF (L 1 }-2X) %42+ (RARF{1,2)-RX})*%2)

[F (ALF.GTLEPIL}Y GO TO 2
ANS{1}=RARF (1,3}
ANS(2)}=RARF{I,4)
ANS{3I=RARFI(1,+5)
ANS{4)=RARF([,5)
ANS(S)=RARF(I,T)
ANS{&6)=RARF([,8)

RETURN

CONTINUE

CONTINUE

IXX=IX+.01
RXX=RX+.01

I LOOGP FOR UPPER ANG LOWER Z GRID LINES

DD 800 1=1,2

[F (ITS3.EQ.1) GG TO 14
IF (1.EG.2) GG 10 8

(1=11

GO 70 12

[1=12
MaCOMPUIXyRX$Z4TTIY 4RUJL D)
IF {M.EQ.LY GG TO 13
MCOM=1

el

suB1
susl
suBl
SuBt
suBi
suBl
suB1l
susl
SuBl
susl
suel
suBl
suet
5UB1
Susi
SuBl
suel
susl
susl
suBl
SuUBl
susi
sus1l
SuUB1
SuBl
SuBl
SUB1
SuUBl
SUBL
SUBL
5UB1
SuBl
5uBl
susl
SUBL
SuBetl

47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
&4
65
66
67
68
69
70
71

73
74
75
76

78
79
80
81
82




e (N YO

15

17

21

22
23

GO TD 20

M=COMP (2X,RX,Z{11}R1J2))

IF (M,EQ.1) GO TO 14
MLQOM=2
GO 70O 20

GET 6 VALUES DN GRID LINFS

DO 15 K=1,6

SUB1
SuB1l
susi
suBi
suel
SUB1
SuBl
suel
susl

ANSLUT ¢K42 =XMESHUTT s JL oK)+ (XMESHITT9J2,KI-XMESH(T T, J14K)IS{RX-REISUBL

1L/ (R{I2)-R{JLY)
CONTINUE

CALL OVCHK(NDO)

IF (ND.EQ.2) GO TO 17
NO=15

GO TO 940

ANSI(T L)=2C11)
ANSL1(I,2)=RX

GO TC 00

22=2(111

RR=RX
M=COMPL{ZXRXyZZRR}
[F (M.EQ.1) GO TO 300

DO 25 K=1,2

KATCH=0 '

GO TO (21+22),4K

NN=NP

GO 10 23

NN=NT

JJJ=NN-1

DD 24 M=1,.J0d

IF (M.EQ.JJJ} GO TO 210

sl

susl

5uUB1

sugl
SuBl
SUBIL
susl
5uBl
SuBl
susi
susl
susl
SuBl
suBl
SuBl
susl
susl
susl
susl
suBl
suBi
sSusl
susl
SuUBl
SUB1
5UB1
suBl

83
B4
85
86
87
88
89
90
91
92
93
G4
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112

113
114
115
116
117
118



IF {(RX.GT.TAB(M+1+424X).OR.RX.LT.TAB(M,2,K)) GO TO 24 - suBl 119
210 ZI(K)=TABL(Me L o1 yKI+(TABIMy L oK) ~TAB(M4L, L K} I®(RX-TAB(M+1,2,K}I/{TASUBL 120

18(Mg 2,K)-TAB(M41,2,K}] sual 121
NO=210 - SUBL 122

CALL DVCHK{KQ) SuUsl 123

IF {KQ.EQ.1) GO YO 940 SUBL 124

IF (1.EQ.2) GO TO 211 SUBL 125

IF {KATCH.EQ.1) GO TO 212 SUBL 126
KATCH=1 SUB1 127

G0 TO 213 SUBL 128

212 IF ((ZX-21(K)).GT.{ZX-ZM}) GO TO 24 suBl 129
IF (ZI(K}.GT.2ZX} GO TO 24 SUBL 130

213 IM=IT{K) \ SUBLl 131
IF (K.€Q.2) GO TO 215 SUB1 132

NPS=M . SUB1 133

GO TO 24 SUB1 134

215  NTS=M SuUB1 135
GO TO 24 SUB1 136

211 CONTINUE susl 137
IF (KATCH.EQ.1} GO TO 26 - syl 138
KATCH=1 | SUB1 139

GO TO 213 : SUBL 140

26 IF ((ZT(KI~ZX).GT.(ZM-2X}) GO TO 24 SUBL 141
IF (ZI(K).LT.ZX} GO TO 24 SUBL 142

GO TO 213 SUBL 143

24 CONTINUE SUBL 144
Z1(K}=IM SUB1 145

If (KATCH.NE.O)} GO TO 25 SUBL 146
Z1(K)=2MAX+]. SUBL 147

25  CONTINUE SUBL 148
IF (IRARF.EQ.1)ZI(3}=2MAX+]. SUBL 149

IF (IRARF.EQ.1} GO TO 2504 SUBL 150
KATCH=0 SUBY 151
JJJI=NR-1 SUB1 152

DD 27 M=1,JJJ SUBL 153

ZI(31=RARF(M+1 1)+ (RARF(M, 1} ~RARF{M+141) Jx{ RX-RARF{M+L1,2%) /{RARF(MSUBL 154

Ve <%



2799

279

280
281

28

282

27

2504

2710

192)-RARF (M#1,2)) sus1
NO=25 SuB1
CALL DVCHK{KQ) suBl
IF (KQ.EQ.1) GO TO 940 - SUB1
IF (ABS(ZI(3)-2X).GT.1.E-5)} GO ¥O 279 SUB1
DO 2799 LN=1.6 susl
LNN=LN+2 sUB1
ANS{LN)=RARF (1 ,LNN) SUB1
CONTINUE ~ suBl
GO TO 820 . suBi
CONTINUE | \ SUB1
IF (1.EQ.2) GO TO 28 SUB 1
IF (21(3).6T.ZX) GO TO 27 Susl
IF (KATCH.EQ.1) GO TO 280 SuBl
KATCH=1 - SuBl
60 TO 281 suBl
IF ((ZX-Z1(3}9.GT.(ZX-2ZM)) GO TO 27 suB1
IM=21(31) SUB1
MR =M Sus 1
Go TO 27 ' suBl
1F (Z1(3).LT.ZX) GO TQ 27 suBl
If (KATCH.EQ.1l) GO 7O 282 SUB1
KATCH=1 SUB1
GO TO 281 . . suBl
IF ((Z1{30-2X).GT.(ZM-ZX)) GO TO 27 suBl
GO TO 281 SuB1
CONTINUE suB 1
11(3)=2M sup1l
CONTINUE SUB1L
KATCH=0 suBl
K=4 sus L
JJJ=NP-1 sus1
DO 2700 Mel,J4J SUB1
IF (M.EQ.JJJ) GD TO 2710 SUB1
IF (RX.GT.SURF(M¢]1,2).0R.RX.LT.SURF(M,20) GO TQ 2700 SUB1

Z1C4)=SURFEMe1 41 )+ (SURF (Me 1)1 =SURF(M+1, 10 DE(RX-SURF{M+1,20)/(SURF(MSUB]L

V4

195
156
157
158
159
160
i61
162
163
Lé4
165
166
167
168
169
17¢C
171
172
173
174
175
176
177

178

179
180
181
182
183
184
185
186
187
188
189
190



2712

2713

2711

2726

2700

2701

Ly 21-SURF{M+1,20)

IF (KQ.EQ.1} GO YO 940

CALL DVLHK{KQ)

NO=2710

IF (1.EQ.2) GO YO 2711

IF {KATCH.EQ.1) GO TO 2712
KATCH=1

GO 710 2713

IF ((ZX-Z218K) ). GT.(IX~-2M)) GO TO 2700
IM=7214{4)

MS=M

GO 10 2700

CONTINUE

IF (KATCH.EQ.1) GO TO 2726
KATCH=1

GO TO 2713

[F ((ZI{K}-Z2X)}.GT.{(2M-2X)) GO TC 2700
GO TQ 2713

CONTINUE

Lita)=Im

IF (KATCH.NE.O) GO TO 2701
ZI(4)=1MAXK+1.

CONTINUE

RI(IY=RX

RI[2¥=RX

RI{3IY=RX

RIl{4&)=RX

FIND INTERSECTION TO USE

KEY=0
IF (1.€EQ.2) GO TO 50

UPPER GRID LINE

D0 40 KK=l¢4
IF (Z(T11.GT.ZI(KK)) GO TO 40

se

suel
suBi
suBl
susl
SuBl
susl
sugl
SuBl
suil
Susl
SUBl
sSuBl
suBl
suBl
susl
susl
SuBl
SUB1
SuBl
suBl
SUBL
SuBl
suBl
sust
Susl
susl
sUBl
suBl
suel
SuUBl
suBl
SuBl
SuBl
suBl
susl
Susl

191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
21%
2lé
217
218
219
220
221
222
223
224
225
226



a5

40

N alale

55

60

65

67

-~ YOV OY

IF (ABSUZI(KKI-2X)LT.1.E-S} GO TD 35
EFF (Z1{(KK).GT.ZX) GO TO 40

IF (KEY.EQ.Q) GO TO 35

IF (ZI(KK).LELZI(KEEP}) GO TO 40
KEEP=KK

GO TO 40

KEEP=KK

KEY=1

CONTINUE

GO TO &5

LOWER GRID LINE

DO 60 KK=ly44

IF {(Z411V.LT.ZE(KK}) GO TO 60

IF (ABS(ZI(KK)-ZX}.LT.1.E~S5) GO TO 55
IfF (ZI(KK}.LT.ZX) GG TO 60

IF (KEYLEQ.Q) GO TO 55

IF (ZI(KKY.GELZI(KEEP)) GO TO 60
KEEP=KK

GO TO 60

KEEP=KK

KEY=1

CONTINUE

IF (KEY.NE.O) GO TO 70
WRITE (6467) IXeRX oI o CZIIKEY) ¢4KEY=1+4) (RI{KEY) KEY=144)

susl
susl
suBl
SuBl
susl
sSuBl
SuBi
SuBl
SuBl
SuUBt
SuB1l
suel
SUB1
sual
susl
susl
SuBl
subl
SuUBl
suBl
suBl
suBl
SuBi
suBl
sSuel
suBl
subl

FORMAT (34HOERRDR NEAR STATEMENT 65 IN OBLTRP/1X3HIX=,E15.8,4X3HRXSUBIL

150F15.894X2HI=4[3/1X3HII=94E20.8/1%X3HRI=,4E20.8/1H1)
XYZ=—2- ’
IYX=SQRT(XYZ)
CALL EXIT
FIND 6 VALUES ON SELECTED DISCONTINUITY

IF (KEEP.EQ.3} GO TO 80

44

Suel
suBl
susl
SuUBl
SUB1L
suBl
Susl
susl

227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262



71
72

15
80

85

81

IF (KEEP.EQ.4} GO TO 81 suBtl
IF (KEEP.EQ.2} GD TO 71 suBl
N=NPS 5UB1
GO 10 72 : susl
N=NTS : 5uBl
CONTINUE susl
I¥=IT{KEEP) SUB1l
RY=RX S5uUBl
00 15 K=3,8 sust
ANSL{T +K)=TABIN+KKEEP)+(TAB(N+1 4 K+KEEP)-TAB{Ns K KEEP}}*SQRT{{(RY-SUB]
LTAB(Ny 2, KEEP ) ) %224+ (ZY-TAB{N, 1 ,KEEP) ) *%2}/ ((TAB(N+1,2,KEEP)~-TAB(N,2SUBIL
LeKEEP ) I # %24 (TABIN®1, 1 XKEEP)-TABIN, 1, KEEP))®%2}) susl
NO=T7%5 SuB1l
CALL DVCHK(KQ} _ SuBl
IF (KQ.EQ.1) GO TO 940 ’ susl
CONTINUE suBl
GO0 10 90 SuB1l
N=MR sual
Y=21(3) . SUB1
RY=RX SuBl
DO 85 K=3.+8 SuBl

ANSL{T yK)=RARF{NK)+{RARF{N+L 4K }~-RARFIN, K) Y *SQRT (L {RY-RARF(N,2))%*5UB1

12+ (ZY-RARFIN, 1)} #%2) / ( (RARFUN+1,2)-RARF (Ny2) ) %%2+ (RARF{N+1,1)-RARFSUB]
L(N, L)) %%2)) : suB 1
NO=85 sus1
CALL DVCHK(KQ} SUB1L
[F (KQ.EQ.1} 6O TO 940 SUB1
CONTINUE SU81
GO TO 90 suB1
N=M$§ SUB1
ZY=11(4) : sUs 1
RY=RX : SUB1
DO 86 K=3,8 suB 1

ANSI(I K}=SURF(N K} +(SURF(N#1,K)-SURF{NyK)I*SQRT{C((RY-SURF(Ns2§)%25UB1
124 (2ZY-SURF(No 1)V %#2} /{U(SURFIN+142)-SURF (N2 I**2+{SURF(N+1y1)-SURFSUB]
LINs 11 %22} SuB1l

/50

263
264
265
266
261
268
269
270
271

272
273
274
275
276
277
278
219
280
281

282

283
284
285
286
287
288
289
290
291

292
293
294
295
294
297
298



86
90

303

301
302

3030

3031

3g22

CONTINUE

CALL OVLCHK{NO}

IF (ND.EQ.2) GO 7O 92
NO=90

GO YO 940
ANSLI(Io1)=2Y
ANSI(1,+2)=RY

GO TO 800

FIND INTERSECTIONS OF 3 DISCONTINUITIES AND Z GRIO LINE

CONTINUE

KATCHP=(

KATCHR=0

KATCHT=0

KATCHS=0

DO 310 K=1,2

KATCH=0

GO TG (303,301},K

NN=NP

GO TO 302

NN=NT

JJJI=NN~1

DO 309 M=1,J4J4d :

IF ((TAB(My1+K)-TAB(M+1y14K)}.GT.1.E-6) GO TO 3030
GO 70O 309 '

Susl
suBl
suBl
susl
SuBlL
sust
SuBl
SuBl
susl
sust
SUB1
SuBt
SuBi
SuBl
suBtl
SuBti
suBt
suel
5uUB1
SUBl
sustl
suBl
suei
suBl
SUBlL
susl

RI(Kl=?AB(M+1-2'Kl%(TABIHf2cK)—TAB(M+1o2'Kl1*!2(!!’-TAB[M+1ol.KIlISUBI

LITAB (Ml s K)-TAB(M+]l,1,K))
CALL DVCHK{NO)

if (NO.EQ.2) GO TO 3031

NO=3030
GO TO 940
CONTINUE

IF (M.EQ.JJJ} GO TC 3022

IF (RI(K)IGT . TAB(M+]142,K).O0RRI{K).LT.TABIM,2,K)) GO TO 309

IF (MCOM.EQ.2) GO TO 305

eys

sual
susl
SUB1
SuUBl
SUB1
SuBl
SUB1
susl
suBtl

299
300
301
302
103
304
305
306
307
308
309
310
31l
312
313
314
315
316
37
3i8
319
320
321
322
323
324
325
326
327
328
329
330
33t
332
333
334



304
3050

3040

305

306

309

310

IF (KATCH.EQ.1} GO TO 304
KATCH=1

GO 10 30%0

IF ((RX-RI(K)).GT.(RX-KM})} GO TO 309
RM=RI{(K}

If (K.EQ.2) GO TO 3040
MPS=M :

KATCHP=1

GO TO 309

MTS=M

KATCHT=1

GO TD 309

CONTINUE

IF (KATCH.EQ.1) GO TO 306
KATCH=1

GO Ta 3050

IF ((RI(K}I-RX}.GT.(RM-RX)} GO TO 3069
GO TO 3050

CONTINUE

RI(K)=RM

[F (KATCH.NE.O} GO TO 310
RI(K)=RMAX+]l.

CONTINUE

K=3 .

IF (IRARF.EQ.LIRI(3I=RMAX+],
IF (IRARF.EQ.1} GD TO 315
JJJI=NR~1

KATCH=Q

PO 312 M=14JJJ

SuBt
SuBl
susl
susl
suBl
susl
Susl
5081l
susl
SuBl
SuBl
SuBl
Sul
SuBl
SuBl
SuBl
suBl
SUB1
suBl
SuBt
susi
sus!
suel
SuUBl
SUBL
susl
susl
suBl
susl

RI(AI=RARF{M+L1 42V +(RARF{Me2)~RARF{M+1 203 (ZITIV-RARF(M+]1,2))/(RARSUB]

LF{M,1I-RARF(M+1,1))

NO=3122

CALL DVCHK(KQ)

IF (KQ.EQ.1) GO TO 940

1IF (M.EQ.JJJ.OR.M.EQ.1) GO TO 3122

IF (RICK).GT.RARF(M+142)1.,0R.RI(K}.LT.RARF{M,2)) GO TO 312

SO

suBl
susl
SuBl
susl
suBl
susi

33%

336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
is7

358

359
360
361
362
363
364
365
366
367
368
369
370



3122

317
3051

316

318
312

315

IF (MCOM.EQ.2) GO TO 316

IF (KATCH.EQ.1) GO YO 317

KATCH=1

GD TO 3051

IF t(RX-RI{K}}.GT.{(RX-RM}) GO TO 312
RM=RI(K}

MR =M

KATCHR=1

GO TO 312

CONTINUE

IF (KATCH.EQ.l}) GO YO 318

KATCH=1

GO TO 3051

IF ({RI{KI-RX)1.GT.(RM-RX})} GO TO 312
GO TO 3051 )
CONTINUE

RI{K)}=RM

IF (KATCH.NE.O) GO TO 315
RI(K}=RMAX+1,

CONTINUE

KATCH=Q

JJJ=NP-]

DO 3150 M=1,J4JJ

IF ({SURF{My1)~SURF(M+1,13).GT.1.E~6) GO TO 3130

GO TOo 3150

susl
susi
SUB1
suBl
5uUBl
SuB1l
SuBl
suBl
suel
suBl
suel
susl
Susl
SuBl
susl
susl
susl
suBl
suel
suBl
Susl
susl
suBl
5U81
susl

3130 RI(4)=SURF(M+1 4,20+ (SURF(My2)-SURF{M+1,2))*%(2(11)-SURF{M+1l,10)/(SURSUB]

3123

IF(My1)=SURF(M+1,11})

NO=3130

CALL DVCHK{KQ}

IF {(KQ.EQ.1l) GO 7O 940
IF (M.EQ.JJJI GO TO 3123

IF (RI(4)}.GT.SURF{M+]1,42).0R.RI(4I.LT.SURFIM,2}) GO TO 3150

IF (MCOM.EQ.2) GO TO 3105
IF {KATCH.EQ.1} GO TO 3104
KATCH=1

GO 10 3109

/5D

susil
susl
susl
suBl
SuBl
SuBl
susl
SuBl
suBl
susl

311
3tz
373
374
375
176
377
378
379
380
sl
382
383
384
385
386
387
388
389
350
391
392
393
394
395
396
387
398
399
400
401
402
403
404
405
406



3104
3109

3105

3106

3150

3107

aNaNel

IF ((RX-RI(4)}.GT,(RX-RM)} GO TO 3150
RM=RI{4)
MS=M
KATCHS=]
GD TO 3150
IF {KATCH.EQ.1) GO VO 3106
KATCH=1
GO TO 3109
IF ({RI(&I-RX).GT,. (RH-RK)! GO TO 3150
GO TO 3109
CONTINUE
RI{4)=RM
IF (KATCH.NE.O) GO TO 3107
RIt&4)=RMAX+].
CONTINUE
IF (KATCHP+KATCHT+KATCHR+KATCHS. EQ ) GO TO 485
ZIL1y=2011})
Z1(2)=2(11)
21(3)=2(11)
ZI(4)=2(11)
J LOOP FOR LEFT AND RIGHT R GRID LINES

DD 700" J=1,2 :
IF (J.EQ.2) GO TO 350

LEFT R GRID LINE

JI=41

KEY=O

00 340 N=1l.:4

IF {R{J1Y.GT.RIC(NI] GO YO 340
IF (RI(N}.GT.RX)Y GO TO 340

IF (KEY.EQ.1) GO TO 330

KEY=1

KEEP=N

GO TO 340

gk

suBl
SuB1
suBl
suB1
suBl
susl
SuBl
suBi
SUB1
5uB1
susl
susl
susl
susl
suBl
SuBt
Susl
suBl
sugl
susl
susl
SuBl

"SuBl

SuBsl
susl
susl
susl
suBl
suBl
SuBl
SuUBl
susl
susl
suBl
susl
susl

407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442



355

- 360

375

FIND CLOSESY

DIF1=RX-RI(KEEP}
DIF2=RX-RI1{N]}

IF (DIFL.LELDIF2) GO TO 340
KEEP=N

CONTINUE

GO TO 375

RIGHT R GRID LINE

JI=J2

KEY=(Q

DO 360 N=1,4

IF (R(J2).LTLRI{NI) GO TO 360
IF (RI(N).LT.RX) GO TO 360
IF (KEY.EQ.1) GO TCQ 355
KEY=1

KEEP=N

GO TO 360

DIFL=R [ (KEEP)-RX
DIF2=RI{N}-RX

IF (DIF1.LE.DIF2) .60 TO 360
KEEP=N

CONTINUE

IF (KEY.EQ.1) GO TQ 400

NO POINTS BETWEEN RX AND GRID POINTS

ANS2(J,1)=2C(11)
ANS2(Jd+2)=R{JJ]
ANS2(Je31=XMESH(TTI s JJds1)
ANSZ2{J 24 )=XMESH( LI yJJe2)
ANSZ2(JeS5)I=XMESHITT ¢ JJe3)
ANSZ‘J{ﬁ"XHESH‘lI'JJ|4‘

yier=)

suBl
suBl
susl
Susl
susl
suBl
SuBl
SuBl
susl
susl
sustl
SuBl
SuBl
susl
susl
suBl
susl
sustl
susl
susi
suBl
susl
sSusl
SuUBtl
susi
suBl
SuBl
susl
SuBtl
suel
SUB1
SuBl
SUB1
suBl
Susl
susl

443
444
445
446
47
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468

469

470
471
472
473
414
475
476
477
478



2POOOPOO0
B -
o

(=4
A

;OO O rOOODO

H$O00D

ANS2(J 4 TI=XMESHIIT,4JJ,5)
ANS2(J+8)=XMESH(IT1,5J,6)
GO TO 700

POINT FOUND BETWEEN RX AND GRIO POINTS
GO TO (405+410,4T0,481) ,KEEP
INTERSECTION UN‘PRDJECTILE SHOCK

N1=MPS
RY=RI(KEEP)
ZY=2(1I1})

G0 TO 520

INTERSECTICN ON TARGET SHOCK

N1=MTS

RY=R [{KEEP)
Ly=Z{I11}

GO TO 520

INTERSECTION ON RAREFACTION

N1=MR

RY=R [{KEEP)
Zy=L(11}

GO TO S20

INTERSECTION DN FREE SURFACE
N1=MS
RY=RI(KEEP)

I¥Y=2(11}
GO T0 520

=L

suBl
susl
susl
SuBl
susl
suBl
susl
SuBl
susil
suBl
suBl
suUBl
susl
sugl
susl
sust
SUB1
SuBl
suBl
suBl
SuUB1l
SuBl
suBl
susl
suBt
SuBlL
sustl
SuBl
suBl
SUBlL
SuBt
susl
suBl
susl
SuBt}
SuB1l

479
480
481
482
483
484
485
486
487
488
489
490
491
492
%93
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514



485
488

vOOoD

550

552

551

580

590

591

592
600

5uBl

WRITE (3,488) KEEPII4JJsZX4RX SUBL
FORMAT (25HOERROR NEAR STATEMENT 485/115HKEEP-.l4.4X3Hli—p14.4X3HJSUBI
1J=4 14/ 1X3HIX=4E15.8, 4!3HRX=1E15 8/1H1) SUBL
CALL EXIT SuBl
susl

FIND TABLE VALUES SuBl
Susl

IF (KEEP.EQ.3) GO TO 580 Susl
[F (KEEP.EQ.4) GO TO 591 suBtl
D0 550 N=3,8 suBl

ANS2(JoN1=TAB(N] yNyKEEP) +(TAB(NL+1 4Ny KEEP}-TABINL, N, KEEPI I ®SQRT{((SUB]

IRY-TAB(N142,KEEP)) #42+4 ( ZY=TAB(N1,1,KEEP} )%*2)/((TAB(N1+1,2,KEEP)~TSUB]
1AB(NL+2,KEEP)) #42+ (TAB(NL+1414KEEP ) -TAB(NL, 1 KEEP) }%42)) suB1
CONTINUE SuB1l
IF (ZX.LT.0..AND.ABS(RX~RADIUS).LT.1.E~6) GO TQ 552 SuB1
IF (RX.LT.RADIUS.OR.ABS(Z(II)).GT.1.E~6) GO TO 551 SUB1L
CONT INUE , SUBL
ANS2(J¢3)=0, A ' SUB1
ANS2( J,46) =RHOSTR suB 1
ANS2(J,T7)=0. SUB1
ANS2(J,8)=SORT{BIGAPR/RHOSTR) suBl
CONTINUE SUB1
GO TO 600 . SUB1
00 590 N=3,8 sUB1

ANS2{J NI =RARF(NL ¢NY+(RARF(NL+1 ,N)-RARFINL,N))*SQRT(({RY~-RARF(N1,25UB1

113%62¢{IY-RARF(NL,1))#%2)/ ((RARF(NLI+]1,2)-RARF(NL,2)}*%2+{RARF{NL+1SUBI]
1+ 1)-RARF(NL1,1)) %22} susl
CONTINUE susl
GO TO 600 suBl
00 592 N=3,8 susl
ANS2{J¢N)=SURF(NL ¢N) +{SURFANL+L 4N)-SURFIN1N)}*SQRT(((RY~-SURF{NLl,2SUB!}
LIV %$24 (ZY-SURF{N1,1))2%2) /L (SURFINLI+142)-SURFINL,2))2%2+{SURFINL+LSUB]
Lo 1)-SURF(N1,10)8%x2}) sugil
CONTINUE suat
CALL DVCHK(NO} : susl

=y

515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
S48
549
550



605

OO ~NOO0
o
[ee]

720

730

OO OO
O
=

810

IF (ND.EQ.2) GO TO 605
ND=600

GO TO 940

ANS2(J,11=2Y
ANS2(J.2)=RY

END OF LODP FOR BOTH R GRID LINES

CONTINUE

INTERPOLATE FOR UPPER AND LOWER VALUES

DO 720 J=3,8

SuBlL
susl
suBl
susl
suetl
SuBtl
suBl
SUB1L
suB1
suBl
SuBl
susl
suBl

ANSLCE2J)=ANS2UL»J}+ (ANS2424J)-ANSZ2(L s J) ) *{RX-ANS2(1+2)})/(ANS2(2,25UB1

1)-ANS2(1,21})
CONTINUE
CALL DVCHK{NG)
IF (NDO.EQ.2) GO TO 730
NO=720
GO TO 940
ANS1(Es10=Z411)
ANS1([42)=RX

END OF LOOP FOR BOTH Z GRID LINES

CONTINUE
FIND FINAL VALUES

00 810 J=1+6

susl
SuBl
susl
SuB1l
SuBl
susl
susl
5uUB1l
SUBl
suBl
susl
Sus1l
SuBl
5usl
susl
SuBl

ANSCOJI=ANSLU{L o J#2 )+ {ANSE(24J+2)—-ANSL1{1J+2))*{ZX-ANSLU1,1))/(ANSL1(SUBL

12, 1)~ANS1(1,1}}
CONTINUE

CALL DVCHK{ND}

IF (NO.EQ.2} GO T0 820
NO=810

ke

suei

" SUB1

suel
suBl
SuBl

551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
ST9
580
581
582
583
584
585
586



820

940
942
950
952

955

GO TO 940 SUB1
RETURN SuB1
SUBL

WRITE (3,942) SUB L
FORMAT (3SHOOIVIDE CHECK ERROR IN SUBR. DBLTRP) SuB1
WRITE €3,952) NOJZXyRX,I1sJ1¢KEEP,21,RI SUB1
FORMAT (19H NEAR STATEMENT NO.s14/1X3HZX=,E15.8,4X3HRX=,EL15.8/1X3HSUBL
LI1=s [4¢4X3HILE 414 4XSHKEEP =9[4/ 1X3HZI=44E18.8/1X3HR]I=,4E18.8) SUB1
WRITE (34,9550 {{ANSL(I4J)J=0148)¢I=142) CCANS2(I,J)sd=1,8),1=1,2) SUBI
FORMAT (1X5HANS1=/8E16.8/8E16.8/1X5SHANS2=/B8E16.8/8E16.8/1H1} SuBl
XYZ==2. SUB1
ZYX=SQRT(XYZ ) suBl
CALL EXIT SUB1
RE TURN : sual
END : SUB1
SUBROUTINE SHOCK SUBZ
COMPUTES SHOCK VALUES SUB2

COMMON CASEID(14),1TSY,IVS2,ITS3,1T84,1TI1,IT12,1ITI3,IT14,EPSL,EPSSUBZ
124EPSAEPS4yEPSSEPSOIEPIL 4EPIZ2yEPI3LEPIGLEPIS,EPIGL,EPITyVP,ARLENSUB2Z
1GTH,APR4BPRBIGAPR ,BIGBPR,ESTARALPHA,BETA,RHOSTR, EPRS4RHOS SuB2
COMMON XMESH(20420,46) 4 XMESH2(20+20+61+42(20V4R(20)+SURF(15,83,SURF25UB2
1015¢8) s TAB(15+14¢2) ¢+ TAB2(15,14,2)4SPART(1542420,RARF(15,11),RARF2(SUB2

115,4)4RPART{(1542) suB2
. sus2

COMMON 204R0O4yPO+UO4VOyLO4MO,RHOD,EQ0+AG,UBARDyVBARD sup2
suB2

COMMON NP,NT,NR,NI NDEL,I5UB 5uB2
suB2

COMMON ZMIN,ZIMAX RMIN,RMAX yRADIUSyGZ+GR+DELTAWH sup2
COMMON DIRCOS suB2
COMMON TIME suB2
COMMDN IRARF sugz
COMMON KSTOP SuB2
COMMON TPSI suB2
COMMON KKK . suB2
SuB2

587
588
589
590
591
592
593
594
595
596
597
598
599
600
601

SO0 =N W

10

12
13
14
I5
16
17
i8
19
20
21



158
160

162

164

REAL LO4MO4LENGTHyMU,KD

CIMENSION ANS{6)
EXTERNAL FGOF1
EPS=.0000001

BEGIN SHOCK POINT COMPUTATIONS
00 505 K=1.2
GD TO (158,160),4K
NN=NP
GO TO 162
NN=NT
VBARS=0,
DO S00 [=14+NN
MPROJ=C :
IF (TAB(L+14+K).LT.0.) GO TO 500
CONTINUE

INITIALIZE TO ITERATE ON |1 SHOCK POINT

NBIC=0
Z0=TAB241+1,+K)
RO=TAB2(1,2,K)
PO=TABL(I,3,+K}
UO=TAB‘I|4vK’
VO=TAB([,454K)
RHOQ=TAB( 1 464K)
EO=TAB(I,7:K)
AO=TABI(I[+8,K)
LO=TAB(I+94K)
MO=TAB(I,10,X)
UBARO=TAB{1,11,K)
VBARO=TAB(I,12.K)
UTOH=TAB{I,13,K)
UTQ=UTOH
[TS44=]1T754

VO

suB2
sup2
suBZ
suB2
suB2
SuUB2
SUR?2
SuBZ2
susZ2
s5uB2
SuB2
sup2
sus2
suUs2
s5uB2
sus2
suB2
sus2
sus2
SuB2
SuB?
suB2
sug2
SUB2
sus2
sus2
suaz2
5uUB2
sug2
Sus2
SUB2
sugz2
SuB2
SuUB2
sus2
sug2

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57



169

17¢

180

184

- Y Y

If (IRARF.EQ.1} GO TO 170
M=]1-{NR~2}&({K~2)

5uB2
susz2

FF=RO-RARF2(Me142)~(RARF2{M,2}-RARF2{M+1,2})%(I0-RARF2IM+1,1))/(RASUBZ

IRFZ(M, 1} ~RARF2{M+1,1))
CONT INUE

IF {(FF.LT..001) GO TO 350
IF (1.NF.1) GO TO 180
MO=TAB(1+104K}

L0=0. :

GO T0O 190

IF {1.LT.NN) GO TO 186

UP=H=(TAB(I-1e13,K)-TAB(I+134K))

TMP=SQRTIITAB2(I~1,2,K)~ROI*#24(TAB2{I-14+1,K)-20)2%2)

DOMEG=UP /TMP

GG TO 186
DRi=TAB2(1+142,K)~RQO
DR2=RO-TAB2(1-1+24K)
DZ1=TAB2(1+1,1,K)-20
022=20-TABZ([-1+1,K)

UP=H*{TABC{I~1,13,K)-TABLI+1,13,K))

TMP=SQRT(DRLI**2+¢DZ21%%2) +SQRT{DRZ2**2+4D22% %2}

DOMEG=UP/TMP

KICK=184

CALL DVCHK{KQ) .

IF (KQ.EQ.1) GO TO 9980

COMPUTE NEW LO,MO

COMEG=COS(DOMEG)
SOMEG=SIN(DOMEG)
XLO=LO*CDMEG+MOD*S50MEG
XMO=MO*COMEG-LO*SOMEG
LO=XLO

MO=XMQ

IF (P0.GT..0025Y GO TQ 190
PO=0.

G

SuB2
sup2
sSuB2
SuB2
suB2
suBe
SuUB2
suB2
suBe
SuB2
suse
suB2
SUR2
suB2
5uB2
suB2
sup2
sus2
sus2
suB2
suB2
suB2
susz
suB2
SUB2
s5uB2
suB2
SuB?
sup2
suB2
suB2
suB2
sus2

58
59
60
61

62

63
64
65
66
67
68
69
70
71

72
73
74
15
76
77
78
79
80
81

82
83
84
85
86
87
88
89
90
91
92
93



190

195

198

200

201
203

Uo=0.

V0=VP*( l-—l-l.l**K’/.?-
RHOQ=RHDSTR

EO=O.
AO=SQRY{BIGAPR/RHOSTR)
UBAR(OQ=MORV(
VBARO=VBARS
UTO=UBARD+AQO®(~ 1.} **K
GO TO 350

[TS33=1753

FIND GUESS TO START [TERATION

CALL GUESS(1,KOD2420,R0+1¢KyZ2Z+RRyDZ4DR}
IF (KOD2.EQ.1} GO TQ 200

WRITF (3,198) 14+K,Z0,4RO

WRITE {3,7C02) ZZ+RR,sDZ,DR

suB2
sSuB2
Sysz
SuBZ
su22
suB2
sua2
SuUB2
SUg2
5UB2
suB2
SuUB2
SuB2
susz
suB2
5uUB2
suB2

FORMAT (31HONG GUESS FOUND FOR SHOCK POINT/3HOI=,T4,6X2HK=414,10X35UB2

1HZ0=,E15.68,10X3HRO=4E15.8/1H1}
CALL EXIT '
CONTINUE

KY=K

NTW=0

[F (X.EQ.2) GO TO 201
VBARS=VP2LO

DIRCOS=~M0O

GO TO 203

DIRCOS=MO

CONTINUE

CALL MRIT2(Z1,R1422,074RReDRLEPSL1,EPS2,FGOFL,ITS1,KODE}
IF {KODELEQ.O) GO TO 205

BICHARACTERISTIC SELECTION SCHEME

[F (NBIC.EQ.O) GO TO 204
IF (NTW.EQa8IKY=KY+]

S X

SuUB2
suB2
SuB2
SuBZ
suB2
suge
suB2
SuUB2
s5uB2
SuB2
suBe
SuB2
suez
suB2
suB2
suaed
SuB2
suBz

94

95

96

9T

98

99
100
101
102
103
104
1G5
106
167
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129



204

6201

IF (NTW.GT.21) GO TO 7000
ANGL=ANGLl+DTPSI *{~]1.)**KXY
DIRCOS=SIN{ANG])

LO=COS{ANG1)

NTH=NTW+1

GO TO 203

CONTINUE

NBIC=1

CALL DBLTRP(ZZ,RR4ANS)

UA=ANS(2)

VA=ANS{3)}

AA=ANS{6)

I1I=12+D1

CALL DBLTRP{ZZZ+RR,ANS)

UB=ANS(2)

VB=ANS{3)

AB=ANS{b6)

RRR=RR +DR

CALL DBLTRP{ZZ4RRR4+ANS)

UC=ANS(2)

VC=ANS{3)

AC=ANS(6)

MM=0

TPSI=1.5700%(-1,)%*K

XB=ZZ

YB=RR

NOM=5

CA=NOM

DTPSI=.01745

OTPSI=CA®DTPSI
TPSI=TPSI+0TPSI*{(—].)**K
Al=1.+H*(VB-VA+([AB-AAI*SIN(TPSI)I/DZ
Bl=H®{VC-VA+{AC-AA}*SIN(TPSI1)) /DR
Cl==(ZZ-20+H*{VA+AA*SINITPSII})
AZ=H®{UB~UA+(AB~-AA)*COS{TPSI))}/D2
B2=1.+H*{UC-UA+{AC-AA}I*COS(TPSI)I/DR

G 3

suB2
sus2
SuB2
susz2
sua2
suB2
sus2
sus2
SuB2
SuB2
suB2
SuBe
sus2
sus2

-SuyB2

sus2
Sus?2
sus2
suB2
suB2
suB2
SuB2
suB2
suB2
suB2
susz
sus2
suB2
suB2
suB2
suB2
suB2
sus2
SuB2
SUB2
sus2

130
131
132
133
134
135
136
137
138
139
140
141
142
i43
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165



7000
1001

614
7002
6203

6210
6204

20%

C2=—(RR-RO+H*(UA+AA®COS{TPSII})
DET=A1%82-42%81
DELX=(R2%C1-B1=#C2)/DET
DELY=(A1%C2-~-A2%({1) /DET

TEST FOR SAME REGION

XB1=XB+DELX

YBl=YB+DELY
M=COMP{XB,Y¥R,XBl,YBL)

IF (M,EQ.1) GO TO 6203
MM=MM+1

IF {MM.LT.360/N0OM) GO TO 6201
WRITE (3,7001}

FORMAT (41HMOBICHARACTERISTIC SELECTION SCHEME FAILED)

WRITE (3,614) Z0,4RQ
FORMAT (1IXSH2I0 =4£15.844X5HR0O

FORMAT (&4E16.8)
CALL EXIT
CONTINUE

WRITE (33,6210}

FORMAT (53HOBICHARACTERISTIC SELECTION SCHEME EMPLOYED BY SHOCKXY

ANG1=TPSI
T1=DIRCOS

T2=L0

DIRCOS=SIN(ANG1)Y
LO=COS(ANGL)

G0 7O 203

CONTINUE

UBARS1=0.

IF (X.EQ.1)UBARSI=MO*VP
CALL DBLTRP{Z1,R1,ANS)
PL=ANS(1)

UL=ANS(2)

VI=ANS(3)

=‘E15-8"
WRITE. (347002} UAZ VAL AALUBVB,AB UL +VC+AC,Z2+D724RR,y DRy ANGI

(o

Sun2
SUR2
SUB2
SuBz
supe
suaz
Sua?2
5082
5UB?2
SUR2
sugz
suB2
suBz2
suB2
suBZ
suBz
Sug2
suB2
Susz
5uUB2
sus2
sus2
sus2
SuB2
suB2
SUB2
5UBZ
SuUB2
sus2
S5UB2
suB2
s5uB2
SuB2
SuB2
SuB2
5UB2

166
167
l6B
169
170
171
172
173
174
175
176
i7?
178
179
180
181
182
183
184
18%
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201



206

7003

207

208
218

210

219

215

220

RHO1=ANS(4}

E1=ANS(5)

Al=ANS{6}

CONTYINUE

KICK=205

CALL DVCHK{KQ)

[F (KQ.EQ.1} GO TO 9980
[F (NBIC.EQ.O} GO TQ 207
SINTH=ABS(DIRCOS)
COSTH=ABS{LO)

DIRCOS=T1

- LG=T2

CONTINUE

UBAR1=LO%UL+MO*V]

If (KaEQ.2) GO TO 208

IF (UBARL1.LT.VP/2.) GO 70O 208
UBARL=UBARSI-UBAR]

CONTINUE

CONT INUE |
M1=PART(1lsZ1eR1¢22+RR4DELTA,NDEL)
IF {(M1.EQ.1) GG 0 210

PYR=0e

GD T0 215 :

CALL DBLTRP(ZZRRyANS)
DP=RR-R1

PUR=(ANS(2)-Ul) /DP

CONTINUE

PVR={ ANS(3}-Vv1}/DP
M1=PART(2,2Z1+R1+2ZZ+RR,DELTA.+NDEL)
IF (M1.FQ.1} GO TO 220

PUZ=0.

PVZ=0a

PAZ=0.

GO TO 225

CALL DBLTYRP(ZZ,RR,ANS)

sup2
suB2
suB2
suBz
SURzZ
suB2
SUB2
SUB2
SuB2
suB2
sug2
5u82
suBe
SUB2
suB2
suez
SUB2
suB2
SUBZ
SuB2
SuB2
suB2
suB2
suB2
suB2
suBZ
suB2
sug?
suB2
suB2
suB2
suB2
S5UB2
SUB2
suBz
suB2

202
203
204
20%
206
207 -
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
221
228
229
230
231
232
233
234
235
236
237



225

226

7004

235

240

250

251

opP=22-11
PUZ=(ANS(2)-UL}/DP
PVZ=(ANS(3)-V]1) /0P
CONTINUE

If (NBIC.EQ.LY GO TO 7004
PURBI=LO#PUR+MO*PVR
PVRBL=LO*PVR~-MG2PUR
PVIRLI=LO*PVI-MO*PUZ
PVEB1=-MO*PVRBI+{ O*PVZIB1
SBAR1=PVEB]

CONTINUE

IF (ABS(R1).LE.EPS) GO TO 235

SBAR1=SBAR1+ULl/R}1
GO 10 240
CONTINUE

IF (V1.GTaVP/2e¢AND.K.EQ.L1)VLI=VP-V]

SBAR1=SINTH#*#2&PUR-SINTH*COSTH*(PUZ+PVR) +LOSTH**2%PV]

GD TO 226
SBAR1=S5BARL+PUR

1TS22=1752

MMM=0

CONTINUE

CALL EQOSS{PFR,PFE)
BIGA1=RHOLl*Al

KICK=250

CALL DVCHKLXQ)

IF (KQ.EQ.1)} GO TO 9980
TEMP=]1,~RHOSTR/RHOG
TMP=SQRT(PO®TEMP/RHOSTR)
I¥f (K.EQ.2) GO TOD 251

IF (TMP.LT.VP/2.) GO TGO 251
MPROJ=1

TMP=UBARS1-TMP

CONTINUE

s

suB2
sug2
SUB2
SuUB2

sud2

supe2
sug2
suB2
Su2
SuB2
suBz
suB2
Susz2
suBe
sSuB2
SuB2
suBz2
sue2
SUB2
SuB2
SuB2
susae2
suB2
SUBZ
suB2
sup2
SUB?2
SUB2
SuB2
suBZ
sus2
sus2
S5uB2
suB2
SuBp2
suB2

238
239
240
241
262
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
213



256

259

265

267

269

TMP&=TMP
CONTINUE
ENBIC=NBIC

SuR 2
SUR?2
SUR2Z

TMPL=PL+RIGALI*UBAR]L ~RHUL $H2SBARL#*AL %2 +BIGALI* (-UBARL+CUSTH®UL+SINTSUB?

IH*VI=-SINTH®LO*VBARS+COSTH*MOFXVBARS )2 (FNBIC)

TMP2=PFRETFMP+PORRHOSTR/RHOO**2
TMOY=PFERTF MP

GTHMP=-RHOI1 %A1

IF (NBICL.EQ.O) GO TG 259
GTMP=GTMP={COSTHXLO+SINTH®MD)

CONTINUE

BIGG=PO—{GTMP*TMP+THMP1)
PGR=PFR-((GCYMP%*TMP2) /(2. *RHOSTRXTMPS))
PGE=PFE-({GTMP£TMP5) /(2. %RHOSTR*TMPo})
TMP=,9%{ 1. /RHOSTR-1./RHONI
BIGH=CO-TMP2PQ

PHR==TMP*PFR-. 5%PO/RHOO®%2
PHE=1.-TMP&PFE

[F (ABS(RIGH).GT..0Q001) GO TO 267
BIGH=0. .

IF (ABS{BIGG).GT..000L) GO TO 269
RIGG=0.

CONTINUE -

COMPUTE DELTA EQ,DELTA RHQO

COWN=PGE*PHR-PGR=PHE
DEO={-BIGG*PHR+BIGH*PGR) /DOWN
DRHOO=(-B [GHEPGE+BIGG*PHF) /DOWN

EQ2=EQ+DEQ

IF (FQ2.LT.0.1E02=0.
RHOQZ2=RHDO+DRHAOND

IF (RHOG2.LT.RHOSTRIRHOO2=RHCOD
KICK=265

CALL DVCHK(KQ)

JS& =

S5UE2
SuR2
SUB?
SUR2
SuRz
SuUR2
suB2
sup2
suB2
suB2
5uB2
SUB2
sunR2
suUs2
s5uBz

s5uBz

SuB2
sus2
SuR2
suB2
suB2
supe
s5un2
suB2
SUB2
SuB2
sus2
suse2
suBe
5uB2
SuB2
suB2

274
275
276
277
278
2719
24
281
282
283
234
2565
286
287
288
289
270
291
292
293
294
295
296
297
298
299
300
a0l
302
303
304
305
306
307
308
309



2700
2669

2713
275

278

279

280

285

IF (KQ.EQ.1) GO TOQ 9980
CALL EQOSP{RHOOZ2,E02,P02)

UBAROZ2=(1.-RHOSTR/RHO02)*(PO2/RHOSTR)

IF (UBARO2.GT.0.) GO TO 2669

WRITE (3,2700) PO2+RHOD2,EQ2sR0,120

WRITE (3,7002) PlLsUlsV1+RHOL+EL1,Z1TR1,SBAR]

FORMAT (4E16.81)

CONTINUE
UBARO2=SQRT(UBAROZ2)

IF (EQ2.LT.L.E-S) GO TO 273

IF (ABS((EOQ2-EQV/EQ2).LT.EPS4} GC

IF (ABS(DEO).GT..0L*EPS4) GO TO 275

IF C(ABSU(RHDO2-RHOOQ)/RHO02) .LE.EPS3)

IF {ABS(DRHOO).LT.EPS3) GO TO 285

17522=1TS22-1
IF (17522.6T.0) GO TO 280
WRITE (3,278) 1752

FORMAT (3SHOE AND RHO FAILED VO CONVERGE AFTERyI446H TRIES)
WRITE (3,279) [+K920sRO4EQ4RHDO,PO,E02,RHO02,P02

TG 273

GO TO 285

SUB2
suB2
suB2
SuB2Z
suB2
suBe
sus2
suB2
SuB2
suB2
sus2
sup2
sue2
SuB2
sus2
sus2
SuB2
susz
sup2

FORMAT {(1X2HI= 14 4X2HK=3 [4/1K4HZ0 =,E15.8+4X4HRC =, E15.844X4HED =5UB2
10E15.844X6HRHOO =4E15.844X4HP0 =,EL15.8/1X4HEO02=4EL15.844X6HRHOO2=,ESUB2

115.844X4HP02=4E15.8/1H1)
sTOP

EO=EQ02

RHOQ=RHOD2

PO=P02

UBAROQ=UBAROZ

G0 TO 250

EOQ=E02

RHOO=RHOO02

UBARQ=UBAROZ2
AO=SQRT(PFR+PO2*PFE/RHOO®*2)

CALL DVCHKL{KQY
KICK=285

s

sSuB2
suge2
suB2
SuBe2
suBe
sus2
suB2
sua2
suB2
sus2
suB2
suBZ2
sus2
sus2
sus2

310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345



286
287
295

296

297

w OO,

IF (KQ.EQ.1) GC TO 9980

IF (K.EQ.2) GD TO 286

VBARQO=VP*LO

GO TO 287

VEARO=0.

CONTINUE

PO=P02

IF (X.EQ.2) GO TO 296

UBARO=UBARS1~UBARQ

CONTINUE

UT 0= (RHOO*UBARQO-RHOSTR*UBARSL) / (RHOO-RHOSTR §
VO=MOS*UBARO+LO®VBARD

UO=L 0*UBARO-MO*®VBARO

UBAR=,S5*(UTOH+UTQ}

IF (ABS{(UBAR-UTOH) /UBAR).LE.EPSSH] GO TO 350
[F (ABS{UBAR-UTOH).LT.EPS6) GO TO 350
[TS44=1T544~1

IF {I7544.,G7.0) GO YO 325

WRITE (3,297) IT54,UTOH,UTO

SuB2
SuB2
sup2
sue2
suaz
SuB2
SuB2
SUB2
sus2
suB2
sus2
suUB2
sus2
suB2
sug2
sus2
susz
SuB2
sus2

FORMAT {30HOUBAR FAILED TO CONVERGE AFTER.I14+6H TRIES/IXSHUTOH=,EL1SUB2

15484 4X4HUTO=,£15.8)
CALL EXIY

WRITE (3,279) 14+K+Z04ROLED+RHOO,PO+ED24RHO02,PO2

INIT. FOR MORE U BAR ITERATIONS

UTOH=UBAR

AVMO=( TABL{ T 410, K)+MO}*,5

AVLO=‘TAB‘ 1 19.“""'.01*.5
ZO0=TABII1,K)+UBAR*H*AVMO-VBARS*AVLO%*H
RO=TABY(I924K)+UBARSH*AVL O-VBARS*AVMO*H
LO=AVLO

MO=AVMO

GO 10 195

ONE SHOCK POINT HAS CONVERGED

X

SuB2
SuB2
suB2
SuB2
sus2
sus2
suB2
susz
sus2
sus2
sus2
suB2
sue2
suB2
sus2
sus2

346
347
348
349
350
351
352
353
354
355
356
357
i58
359
360
361
362
363
364
365
366
367
368
369
370
371
ir2
373
314
375
376
377
378
3719
380
381



350 TAB2{1+1,K)=20
TAB2{[,+24K)=RD
TAB2(143,X)=P0
TAB2{1,4.K1=U0
TAB2{1,+5.K}=V0
TABZ‘[!69K1=RHUO
TAB2(1,7.,K}=ED
TAR2(1,8,K}=A0
TAB211,9.,K)=L0
TAB2(1,10.+K)=M0O
TAB2(1,11,K)=UBAROQ
TAB2¢1,12,K)=VRARO
TAB2(1,13,K}=UTQ
KICK=500
CALL DVCHK{KQ]

IF (KQ.EQ.1l) GO TO 9980

C

C

500 CONTINUE

505 CONTINUE
RE TURN

9980 MWRITE (3,9985) KICK

suB2
susz
sugz
SUB2
SuB2
sup2
sup2
suB2
suB2
suB2
suB2
sua2
suB2
suB2
sus2
SuB2
sus2
suB2
sus2
suBZ
SuUB2
sup2
Sug2

9985 FORMAT (32HODIVIDE CHECK NEAR STATEMENT NU.:[5'15H IN SUBR. SHOCK/5UB2

11H1L)

CALL EXIT

RETURN

END

SUBROUTINE FGOF1{ZIX,RX¢S55,QQ)

COMPUTES $1,Q1 FOR SHOCK LINE
ITERATION FOR 21,R1

aRaNaly

suse
SuB2
SuB2
SUB2
suB3
SuB3
suB3
SuUB3
sue3

COMMON CASEID(14) s ITSLoITS24ITS3y [T 4 ITI1oITI21T13,ITI4,EPS]L,EPSSUBY
12¢EPSAJEPSL,EPSSEPSHIEPIL yEPI24EPI3EPIGEPISL,EPIGLEPIT,VP,AR,\LENSUB]

LGTH,APR,BPR,BIGAPR ,BIGBPRESTAR,ALPHA,BETA,RHOSTR,EPRS,+RHDS

<

SuB3

382
383
384
385
186
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408

O NS NN -



[ S o B o e |

COMMON XMESHI20420,6) s XMESHZ2(2042046),Z1203,R{20),SURF(15,8),SURF2SUB3
1015481 s TAB(15¢14+42) o TAB2(1541442) ¢SPART(154242)+RARF(15,11),RARF2{SUB3

L1544 4RPART(15472)

COMMON Z0,RO4PO U0 ¢VO+LO¢MO,RHOOEQ,AQsUBARDVBARD

COMMON NP yNT,NR NI ¢yNDEL4ESUB

COMMON ZMIN,ZMAX,RMIN,RMAX,RADIUS,GZ,GRyDELTA,H

COMMON DIRCOS

COMMON TIME

COMMON IRARF

COMMON KSTOP

COMMON TPSI

COMMON KKK

REAL LO,MO+LENGTH,MU,KOD

DIMENSION ANS(6)

REAL LQ.MO

CALL DBLTRP{IX,RX,ANS)
Ul=ANS(2)

Vi=ANS(3)

Al=ANS(6)
SS=ZX-Z0+H*(V1+A1*DIRCOS)
QQ=RX-RO+H*(U]1+AL*1L0)
RETURN

END

SUBROUTINE INTER

COMPUTES INTERIOR REGION POINTS
COMMON CASEID(14) s ITSeITS2+IVS34ITS4ITEL,ITI2,ITI3,1714,EPSL,EPSSUB4
L2sEPSAEPSA EPSSsEPSOIEPLL ¢EPIZ2¢EPI3,EPIGEPIS,EPIGoEPIT,VPyARyLENSUBS

1GTHsAPRsBPR+BIGAPR,BIGBPR, ESTARy ALPHAy BETA, RHOSTR, EPRS,RHDS

SuUB3
SuB3
SuUB3
sue3
Sus3
SuB3
SuB3
SUB3
SuB3
SUB3
suB3
SUB3
SuUB3
SuUB3
5UB3
SuB3
sus3
SuUs3
5uB3
sug3
5uB3
SuB3
SUR3
SuB3
SuBd3
SuUB3
suB3
SUB4
suB&

SuBa

COMMON XMESH(20+2046) ¢ XMESH2(20+2046)42(20)4R(20),SURF(15,8)+SURF2SUB4
FCL548) s TAB(15¢1442) 4 TAB2(15+1442) 4SPART{(15,2+2):RARF{15,11),RARF2(SUB4

S 7

10
11
12
i3
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
38

~N N N -



O 0 OO0

115+4}RPART(15,2)

COMMON Z0,RC4PO4sUO0¢VOsLOsMOWRHOO+EC+AQ4UBARD,VBARD

COMMON NPyNT4NR¢NI+NDEL,ISUR

COMMON

COMMON DIRCOS
COMMON TIME
COMMON IRARF
COMMON KSTOP
COMMON TPSI
COMMON KKX

REAL LOsMO,LENGTH,MU,KOD
OIMENSION ANSEOF LL(33¢ZI(LL)RILLILY,PICEX), UECL2},VILLL),RHOTC(L13SUBS
}+EICL1),AI(11),PUR(LL1),PVRI{11),PARCLL) PUZCL1L1},PVZ(11},PAZILL),PSISUBS
(7)o SPSIMLL).CPSICLED,LS(11)

EXTERNAL FGOFf]I,FGOF5
INTEGER CHECK,CHECK2

FORMAT (1HL)
EPS=.0Q00001

00 905 J=1,20

D0 900 i=1,20
M=TEST(Z(I),RUJ})
20=2(1)

RO=R(J)

KICK=1

CALL DVCHK(KQ}

IF (KQ.EQ.1) GO TO 9980

IF (MoEQ.IoANDLZOJLTLEPS.ANDLABSIRO-RADIUS) LT.EPSIM=]

IF

(M.NE.1) GO TO 900

IMIN)ZMAXRMIN,RMAX ¢RADIUS+GZ4GRyDELT Ay H

K

sus4
svB4
suas
SUR4
SuBe
SUs4
suBe4
SUB4
5UB4
SuB4
SuB4
SUB4
Sugs
SuB4
SUB4
SuB4
SuB4

Sus+4
su84
sus4
5UB4
suB 4
S5UB4
SuB4
SuB4
suds
SuUB4
SuB4
SuB4
SUB4
Sus4
suBs
SuB«
SuB4

10
11

12

14
£S5
lé
17
L8
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
a7
LY.}
39
40
41
42
43



20

575

580

DO 2 L=1l,NP SUB4

IF (TAB(Ls14,1).1T.0.) GO TQ 20 SUB4
CONTINUE SuUB4
IF (IRARF.EQ.1) GO TO 20 SUB4
DO 3 N=14NR SsSB4
(F (RUJI.GT.RARF(N,2}) GO TO 5 SUB4
CONTINUE SUB4
GO TO 6 ‘ SuUB4
CONTINUE SuB4
M=PICK(ZU]1) . .R{J},.3) SUB4
FFzR{J)}-RARF(M#1,2)-(RARF(My2)-RARFIM+1,2¥)1%{Z(1)1-RARF{M+1,13)/(RASUB4
IRF{M 1 )-RARFi{M+1,1)}) . sSuB4
IF {(FF.GT.0.) GO TO 20 SUB4
CONTINUE 5UB 4
PO2=RARFI(1,3) - suB4
UQZ=RARF{1l,4) SuBs
VOZ=RARF(1l,.,5) : SuB4
RHOQOZ2=RARF(1l,6) 5UB4
EQ2=RARF(1,7) ) SUB&
AQ2=RARFL1,8) SUB4
GO0 TO 870 SUB4
CONTINUE SUB4&
CALL GUESS(24KOD+Z04ROsI+J9ZZ¢RR¢DZ+DR} S5uUB4
IF (KOD.EQ.1l) GO TO 580 SUB4
WRITE {3575} 14J920,R0O 5U84
FORMAT (&1HOND GUESS FOUND FOR INTERICR REGION POINT/3HOI=[4,6X2HKSUBS
1=9 144 10X3H20=4E15.8y10X3HRO=4E15.8/1H1} SuUB4
CALL EXIT SUB4
CALL OBLTRP(ZZ:RR,ANS) SUB4
SUB#&

INITIALIZE FOR 1- POINT . SUB4%
SUB4

PSI({iV=0, SUB4
PSIt31=1,.04T72 SuB4
PST14)=2.0944 SUB4

PSI(6)=4.18879 . SuBé4

72

b dy

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
6l
62

64
65
66
67
68
69
70
71
72
73
T4
75
16
17
78
19



590

594

600

610

PSI{T7)55.,23599

NBIC=0

ITi22=1712

PO=ANS(1}

UO=ANS(2)

VO=ANS{3)}

RHOO=ANS(4)

EO=ANS(S)

AG=ANS(6)

KICK=580

CALL OVCHX<CKQ}

IF {KQ.EQ.1} GO TQ 9980
IF (ABS(RO}.GT.EPS}) GO TO 594
Ll=1

LL{l)=4

LL{2}=6

LLL=2

GO TO 620

IF (ABS{RO-RADIUS).GT.EPS} GO TO 600
[F (20.GTLEPS) GD TG 610

t1=2

LL{1)=13

LL(2)=7

LiL=2

GO TO 620

[F (ROJLELRADIUS.OR.ABS(20).GT.EPS) GO TO 610
L1=3

LL(1l)=6

LL(2)=7

LLL=2

GO TO 620

Ll=4

/7Y

SuB4
SUB4
5UB4
SuUBea
SuB4
SUB%
SuUBé4
SuB4
SUB4
suB 4
SUB4
SUB&
5UB4
SuB4
Susa
SuB4
suB4
susé4
SuB4
suBs4
SuUB4
SuB4
SuB4
SuB4
SUB4
SuBsa
Sus4
SUB4
suB4
SuB4
SuBé4
suB4
SuBe
suss
SuB4
SUB4

80
8l
82
83
84
8%
86
87
88
a9
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115



tLeir=1 SUB4

LL(2)=4 SUB 4
LLi3)=6 SUB4

LLL=3 SUB4

¢ . SUB4
c ITERATE FOR I VALUES SUB4
c SUB4
619  CONTINUE SUB4
620 DO 630 KK=1,LLL SUB4
LUMP=L1 SUB 4
[SUB=LL{KK} SUB4

621  CONTINUE SUB4
TPSI=PSI(ISUB) SUB4
SPSI(1SUBY=SINITPSI) SUB 4
CPSI{ISUBI=COS(TPSI) SUB4

CALL NRIT2(ZICISUBIoRT{1SUBY+ZZsDZsRRyDRsEPIL,EPI2+FGOFI ITI1,KODESUB4

1) SUB4

IF (KODE.NE.O) GO TO 6200 SUB4

625 CALL OBLTRP{ZICISUB),RI{ISUB),+ANS) SUB4
PICISUB)=ANS(1) : SUB4
UI(ISUB)=ANS(2) SUB4
VI(ISUB)=ANS(3) SUB4

RHO [{ 1SUB ) =ANS( 4) SUB4
ET{ISUB)=ANS(5) . SUB4
AT(ISUB)=ANS(6) | SUB4

630  CONTINUE | SUB4
C | SUB4
c suUB4
KICK=630 SUB 4

CALL DVCHK(KQ) SUB4

If (KQ.EQ.1) GO TO 9980 SUB4

GO TO 6400 SUB4

c SUB4
c BICHARACTERISTIC SELECTION SCHEME SuBé4
c SUB4
7000 WRITE (3,7001) SUB4

/7

116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151



7001 FORMAT (41HOBICHARACTERISTIC SELECTION SCHEME FAILED) SuUB4 152

WRITE (3,614) Z0,R0O SUB4 153

WRITE (3,7002) (PSI{(MNMN),MNMN=1,7)+UA,VA,AA,UB,VB,AB,UC,VC,AC,ZZ,5UB% 154
1DZ+RRyDR¢ANG1+ANG2 SUB4 155
sus=15uUB SUB4 156

WRITE (3,7002) SUB,ZI(ISUB),RI(ISUBY SUB4 157

7002 FORMAT (4E16.8) . SUB4 158
CALL EXITY SUB4 159

6200 CONTINUE SUB4 160
IF (NBIC.NE.O) GO TO 7000 SuB4 161

IF (L1.NE.2.0R.LL(1}.EQ.1} GO TO 7300 ' SuB4 142
LL{l)=1 ' SUB4 163

_ GO TO 619 SUB4 164
7300 CONTINUE SUB4 165
I[F (L1.NE.3) GO 7O 7310 N SUB4 166

IF {PS51¢6).GT.4,2) GO TO 7310 SUB&4 167
PS1{61=5.75959 SUB4 168

GO TO 619 SUB4 169

7310 CONTINUE 5UB4 170
CALL DBLTRP(2Z,RR,ANS) ' Sus4 171
UA=ANS{(2) SUB4 172
VA=ANS{3) SUB4 173
AA=ANS(6) SUB4 174
1l1=721+D2 . SuUB4 175

CALL DBLTRP{ZZIZ,RR,ANS} ' SUB4 176
UB=ANS(2) SUB4 177
VB=ANS{3) . SUB4 178
AB=ANS(6) ' SUB& 179
RRR=RR+DR sus4 180

CALL DBLTRP{ZIZ,+RRR,ANS) SuUB4 181
UC=ANS(2) SUB4 182
VC=ANS(3) suBe 183
AC=ANS{(6) SuUB4 184

MM=0 ’ SuB4 185
TPSI=PSI{ISUBY s SUB4 186

Xg=17 Sus4 187

S 7&



YB=RR SUB4&
NOM=5 SUB4
CA=NOM SUB4
D0 6210 LM=1,2 SUB4

6201 DTPSI=.01745 SUB4
DTPSI=CA*DTPSI SUB4
TPSI=TPSI+DTPSI SUB4
Al=1.+H®(VB-VA+(AB-AA)SSIN(TPS]))/DZ SUB4
BL=H*(VC-YA+(AC-AA)=SIN(TPSI})/DR SUB4
Cl==(Z22-Z0+H*(VA+AASSIN(TPSI))) SUB4
A2=H#*(UB~-UA+(AB=-AA) *COS(TPSY1)/DZ SUB4
B2=1.+H* (UC-UA+(AC~AA}*COS{TPSI}}/OR SUB4
C2=-{RR-RO+H*{ UA+AA*COS(TPSI))) SuUB4
DET=A1%B2-A2¢B1 SUB4
DELX=(B2¢C1-81%C2) /DET - SUB4
DELY=(A1sC2-A2%C1) /DET | SUB4

C ‘ SUB4

C TEST FOR SAME REGION SUB4

¢ , . SUB4
XB1=XB+DELX SUBS
YBl=YB+DELY SUB4
M=COMP{XBsYBsXB1,YB1) SUB&
IF (LM.EQ.2) GO TO 6700 SUB4
IF (N.EQ.1) GO T0.6203 SUB4
GO TO 6800 SUB%

6700 CONTINUE SUB&
IF (M.NE.1) GO TO 6203 SUB4

6800 CONTINUE SUB4
MM=MM+ ] SUB4
IF (MM.LE.360/NOM) GO TO s201 SUB4

612  WRITE (3,613) ITIL SUB4

613  FORMAT {44MOFAILED TO FIND 2 POINTS IN THE SAME REGION 21H IN SUBRSUBS

le NRIT2 AFTER,I4,6H TRIES) SUB4
: WRITE (34614) ZO,RO SUB4
614 FORMAT (1XSHIO =,EL15.8,4X5HRO =,E15.8) SUB4

WRITE (3,8144) LM SUB &

s

188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223



6144
6145
6146

6203
6204

6205
6210

6300

6400

622

635

WRITE (3,6145) M SUB4
WRETE (3,6146}) KODE SUB4
WRITE (3,7002} XB,YB,XBl,YB1 SUB4
FORMAT {(4H LM=,14) SUB4
FORMAT (3H M=,14) SUB4%
FORMAT (6H KODE=414) SUBs4
CALL EXITY SUB%
GO TO (6204,6205)+LM sug4
ANGL=TPS1 SUB4
MM=( SUB4
GD TO &210 S5UB4
ANGZ2=TPSI-DTPSI SUB+4
CONTINUE SUB4
AL=LLL+1 sUB4
00 6300 KK=1,LLL - 5UB4
ISUB=LLIKK) sus4
AK=KK SuUB4
PSTILISUBI=ANGL+{ANGZ—-ANGL ) #AK/AL SUB4
CONTINUE SUB4
NBIC=1 ’ SuB4
GD TO 419 SuB4

5UB4

sus4
CONTINUE ) SUB4
IF (L1.EQ.2.0R.L1.EQ.3) GO TO 642 SuUB4
CALL NRIT2(ZI{8)R1(B)Z2Z4DZ+RR,DRLEPIL,EPI2+FGOFS,ITI11,KODE) S5UB4
IF (KODE.EQ.Q) GO TO 635 SuUB4
IsUB=8 SUB4
WRITE (3,622) ITILlslsJelISUBLZ0+sRO22.RR\2IL(B},R1I(8) SUB4

FORMAT (2THOFATLED TO FIND ZIoRI AFTERyI4,6H TRIES,3X2HI=, 14,3X2HJSUBS

1=¢ T4¢3XSHISUB=y 14/ 1X3HZ0=4E15.8 46X3HRO=4E15487 LX3HLIZ=4E15,896X3HRRSUB4
124 E15.8/1X3HZI=4E15.8,6X3HRI=,E15.8/1H1) SUB4
CALL EXIT SUB4
SUB4
SUB4

CALL OBLTRPIZI(8),RI(8),ANS) SuB4

224
225
226
2217
228
229
230
231
232
233
234
235
236
237
238
239
240
261
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259



642

645

648

650

655

660
662

PI(8)}=ANS(])
UI(81=ANS{2)
VIi{B)=ANS{3)
RHOT(8)=ANS(4)
EI{8)=ANS(S5)
AT (B8)=ANS{6)

00 670 IL=1,LLL

NN=LL{IL)

M=PART(LeZI(NN) ¢RI(NN}+ZX+RXDELTA,NDEL)
IF (M.EQ.1) GO TO 645

PUR{NN)}=0.

PVR(NN)=0,

G0 TO 648

CALL DBLYRP(ZIX,RX¢ANS}

DEN=RX~R1 (NN}
PUR(NN)=(ANS{2)-UT (NN} ) /DEN
PVYR(NN)}=(ANS{3)-VI(NN])/DEN
M=PART(2+ZT(NN}RI{NN)ZX+RXsOELTAyNDELY}
IF (M.EQ.1) GO TO 650

PUZ(NN1=0.

PYZ{NN)=0.

GO TO 655

CALL DBLTRP{IX+RX4ANS)

DEN=2X-21 (NN}
PUZ(NNI={ANS(2)-UI(NN}]/DEN
PVZ(NN)={ANS{3)~-VI(NN)} /DEN

Sus4
SUB4
SuB4
5UBé4
SUB%
SuB4
suB4
sus4
SuB4
sud4
SUB4
SuUB4
SuB4
SUB4
SuB4
SUB4
SuB4
SuUB4
SUB#
SUB4
SuB4
SUB4
SUB4
SUB4
SuBas
suB4
SuUB4

SUNNI=SPST (NN} **2*PUR(NN)-CPST (NN)*SPST(NNI®* (PVR (NN)+PUZI(NN})+CPSISUB4

LINN) ¢222PVZ (NN)

IF (ABS(RIUINNI)}.GT.EPS) GO TO 660
CON=PUR (NN)

GO YO 662

CON=UT (NN} /RTANN}

SuB4
SUB4
susé4
SUB4
SuB4
SuUB4

S{NN)=~RHOI{NN) *H*AT (NN} *22¢ (S (NN)+CON) +PIINN)+RHOT(NN)I*AT (NNY*LPSS5UBS

LI(NNI*UT (NN)+RHOT(NN)*AT (NN} *SPST(NN)*VI{NN}

/75

sus4

260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
215
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
2%4
295



670
1005
1002

s Rale

690

692

695

698

CONTINUE suBs
CONTINUE SUB4%
FORMAT {4E16.8) SUB4
KICK=6T0 SuUB4
CALL DOVCHK{KQ) suB4
IF (KQ.EQ.1) GO TO 9980 suB4
SUB%

COMPUTE NEW P,U.V SuB4
suB4

GO TO (690,6924695,698),L1 SuBé
DUd=0. SUB4
uoz=0. SUB4
Vo2=15(4}- Slblll(RHDI(#l*AI(4I*SPSI(43-RHOI{bl*Allbi*SPSI(bi) SUB4
POZSSI#)-RHUI(QI*AI(ﬁl‘SPSl(ﬁl*VOZ SuUB4
GO TC 700 SUB4
' Sus4

' SuB4

DPO=0. ' SuB4
P02=0. - SUB4
L=LL{1) ' SUB4

THPI=RHUI(71*RHO!|Ll*Al(Ti*AIIL)*(CPSI(TI‘SPSI(LI ~CPSI(LI*SPSI(TIISUBS
VO2=(S(L)*RHOT (T} SAT (TI*CPSI(TI-S(TI*RHOICLI*AT{LI*CPSI(L)}/TMP1 5UB%

U02=(SIL)=RHOI(LI*AT (L) *SPSE(L)*VO2)/ (RHOTCLI®ATL(L I*CPSTI(LY) susé4
GO TO 700 ) SUB4
SUB4

, SUB4

OP0=0. SUB4
PO2=0. suB4

TMP L =RHOI(T)*RHOT (61 *AT(T) #AT{6) X (CPST(T7)eSPST(6)-SPSI{TI*CPSIt6})ISUBL
VO2=(S(6)*RHOT(7) *AT(T)I*CPSI(T)-S(TI*RHOT{6 ) *AT(6)I*CPSI(6)I/TMPL SUB4

U02=(St6)}-RHOT(6) *#AT(6) *SPST(6)+V02)/(RHOIL6)®ATL6I*CPST16)) SuB 4
G0 70 700 SuB4
CONTINUE SUB4
L=LL(1) SuB4
TMPL=RHOI( &) *AT (4) *CPSI1{ %) ~RHOI (LI*AT(LI*CPSI(L) SUB4
TMP2=RHOT(4) *AL (43 *SPST(4)-RHOT (LI*AT(LI*SPSI(L]) SUB4

/7T

296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
i
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331



. 125

s NaNel

TMP3I=RHOIC(E)*AT(6) *CPSTC(O6)-RHOL (L) *AT(L)*CPSI(L)
TMP4=RHOT(6)*AT (6} *SPST(6)-RHOT (L I*AT(LI*SPSI(LY
VO2=({S{41-StLII*XTMPI-(SI6)~SIL))*TMPLY/ (THPIXTMP2~TMPL%TMP4)
U02={S(4)-S(LI-TMP2%YD2) /TMP]
PO2=5(6)-RHOI(6)}*AT (61 *#CPST(6)+U02-RHOIL{6I*AL(6)*SPSI{60%V02
KICK=T00

CALL DVCHK(KQ}

IF (KQ.EQ.1) GO TO 9980

ITERATE FOR RHOOLEQ

ITI33=1IT13

ITI44=1T14

KM=1]

CONTINUE

CALL EQOSI(PO2yPGRHO4PGE+BIGGsCHECKyKRTT+AD2+E024RHD02yKMy EPS)
IF (KRTT.EQ.1} GO TO 871
T1=RHOO-RHOI (8]
T2=PI{B)/RHOI(B) *%2
BIGH=EI(8)+T2*T1-EOC
PHE=-1.

PHRHO=TZ2

KICK=T725

CALL DVCHK(KXQ)
IF (KQ.EQ.1l) GO TO 9980

COMPUTE NEW EO,RHOO
DOWN=PGE*PHRHO-PGRHO*PHE
DEO=(-BIGG*PHRHO+BIGH*PGRHO) /DOWN
DRHOO=(~-BIGH*PGE+B IGG*PHE ) /DOWN
E02=E0+DEOD
RHOO2=RHOO+DRHOO

CHECK E02,RHO02 FOR CONVERGENCE

5O

SUB4
SuUB4
SuBe
Sus«4
SuB4
suB4
SuB4
SUB4
SuB4
SUB4
SuB4
sus4
SUB4
S5uUB4
SUB4
sugs
SUB4
Sus4
SuUB4
SuB4
SuB4
SuU8 &
SUus+4
SuB+4
SUB4&
SUB4
SuB4
SuB4
suses
sus4
SUB#4
suB4
SUB4
SuB4
suB4
S5UB4

332
333
334
335
336
3137
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
i56
357
358
359
360
361
362
363
364
365
366
367



726

130

732

135

OO0

T42

150
752

KICK=T726
CALL OVCHKIKQ)
IF (KQ.EQ.1) GO TQ 9980

IF (ABS(DEQ/EO}.LT.EPITY GO TO 726
IF (ABS(DEO).GY¥..01*EPIT7) GO TO 730

IF (ABSC(DRHOO/RHOO).LE.EPI6) GO TO 740

I (ABS(DRHOO).LTLEPIG) GO TO 740
IT133=1T133-1
IF (ITI33.NE.O} GO 7O 735

SuB4
suB4
SuBa
5UB«4
s5uUB4
SUB4
sUB4
SuB«4
SUB4
SUB4

WRITE (64732) ITI341¢Je20,RC+PO,+U0,VO,RHOO0,E0,P02,U02,V02,RHO02,EQSUBS

12

SUB4

FORMAT (33HOEO.RHOC FALLED TO CONVERGE AFTER,I4,6H TRIES/LX2HI=,14SUB4
Le@X2HI= o 1434 X2HI=3E15.844X2HR=, E15.B/5X2HP0O1B8X2HUDLBX2HVOL1BX4HRHDOSUBS

116X2HEQ/SXAHPO21 TX3HUOZ2]1 7TX3IHVOZ2 L IX5HRHO0215X3HED2// (5E20.8) %

WRITE (3,1)
CALL EXIT
EO=E02
RHOO0=RHOOZ
KM=0

GO T0 708

CHECK FOR PROPER EQUATIONS

CONTINUE

PGE=-PGE

PGRHO=-PGRHO

IF (RHDO2.GE.RHOSTRY GO TO 750
IF (ED2.LT.EPRS) GO TO 750
CHECKZ2=0

GO 7O 752

CHECK2=]
AQ2=SQRT(+PGRHO+PO2*PGE/RHO02%** 2}
IF (CHECK.EQ.CHECKZ) GO TD 870
ITI44=1TI44~1

IF (ITI44.NE.O) GO 7O 770

S5

Suga
SUB4
SuB4
SUB&
SuB4
SUB&
SuUB4
SuUB4
SuB+4
5UB4
SUB4
SuB4
SuBé4
SUB4
SuUB4
SUB4
SuB4
suB4
sus4
SuUB4
SUBe
SuUB4

368
369
370
71
372
373
374
375
376
317
378
379
380
sl
382
383
384
385
38e
387
388
389
390
391
392
393
394
395
394
397
398
399
400
401
402
403



5%

770

OO D

871
avo

900
205

950
9980

9985

WRITE (3,755) ITil4414Jy204R04PO,UD,VO,RHOO+EQ+A0,P02,U024V02,RHD02S5UB%
1,E02,AQ2 SuUB4
FORMATY (38HOFAILED TO USE CORRECT EQUATIONS AFTER,I14,6H TRIES/LXZHSUB4
M=y 16, 4X2H =4 1634 X2HI=,E15.894X2HR=4EL15.8/5X2HP018X2HUOL 8X2HVOD]1 8X45UB4
LHRHDO16X2HEQIBX2HAO/SX3HPOZ17TX3HU021 7X3HVO21 TXSHRHOO215X3HEQZL1 7TX3HSUB4
1A02//7(6E20.8)1) suBé4
WRITE (3,1) SUB4
CALL EXIT susa
KICK=T7TO SUB4
CALL DVCHK{KQ) s5uBé4
IF (KQ.EQ.1) GO TO 9980 SuBé
IT133=1T13 SuBs4
GO TO 735 SuB4
SUB4

ALL VALUES HAVE CONVERGED FOR 1 INTERIQOR POINT SuB4

SuB4

KRTT=0 SuB4
XMESH2(1.+441)=P02 SuUB4
XMESH2 (1,4J,2)=U02 SuBé4
XMESHZ2{I,J¢3)=V02 SUB4
XMESH2(1,J,4)=RH0O02 Sub4
XMESHZ2{14J45)1=E02 SUB4
XMESH2¢1,J06)=A02 SuB4
KICK=900 - SuB4
CALL DVCHK(KQ) SuB4
If (KQ.EQ.1) GO TO 9980 SuB4
CONTINUE SUB4
CONTINUE SUBs4
IF (ITS3.EQ.1} GO TO 950 SuB4
CALL ITRP suBa
RETURN SuUB4
CONTINUE Sus4
WRITE (3,9985) KICK sus &
WRITE (34,6140 10.R0O SuB4
FORMAT (32HOOIVIDE CHECK NEAR STATEMENT NO.,I5¢15H IN SUBR. INTER/S5UB4
11H1} SUB4

S5 R

404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439



CALL EXIY S5UB4 440

RETURN SUB4 441

END SUB4 442

SUBROUTINE EQOSL{PRHO.PPP,PVV,PEE,TEE,TRHD,KICK]} suas 1l

COMMON CASEID(14) o ITSLITS2,1TVS341TS4ITI1,ITI2,1IT13,1714,EPS]1,EPSSUBS 2

12¢EPS3EPS4 EPSSEPSGIEPILZEPI2yEPIILEPIGEPISHEPIELEPIToVP AR, LENSUBS 3
1GTH APR4BPR,BIGAPRBIGBPR4ESTAR,ALPHA,BETA¢RHDSTR, EPRS,RHDS 5uUB5 4
COMMON XMESH(20420¢6) y XMESHZ2(20420,+6),2120),R{201,SURF(15,8),5URF25UBS 5

1(15¢8) s TABU15914452)» TAB2(15,1442) ySPART(15+2+2)+RARFI(15,11},RARF2(5UBS 6
115,4)+RPART(15,2) SUBS 7
suBds 8

suss 9

COMMON 2Z0,R04PO+U0+VOsLOsMO4RHOD+ED»AG,UBARD,VBARD suss 10

suas 11

COMMON NP yNT4NR,NTsNDEL,ISUB - suas 12

SUB5 13

COMMON ZIMIN,ZMAXRMIN,RMAXsRADIUS+GZ,GR+DELTAWH SUBS 14

COMMCON DIRCOS suBs 15

COMMON TIME SUBS5 1laé

COMMON [RARF 5uBs 17

COMMON KSTQP sugs 18

COMMON TPSIT SUBS 19

COMMON KKK suas 20

suBs 21

- suss 22

REAL LOsMOLENGTH,MUyKO suas 23

RHO=RHOSTR suss 24

ExVP*#2/8. Suss 25

DO 100 M=1,100 SuBsS 26

ETA=RHO/RHOSTR sus 27

MU=ETA-1. SuBs 28

G==RHOSTR®(VP/2,. ) **2+{ (APR+BPR/(E/(ESTAR®ETA*#2) +]1 .} ) sE¥RHO+BIGAPRSUBS 29

1*MU+BIGBPR*MUH2 ) * (L. ~RHOSTR/RHOY 5u8s 30
OERIVG=((APR+BPR/CE/(ESTAR®ETA®32) 41, ) )*E+BIGAPR/RHOSTR+2.*BIGBPR®SUBS 31

LMU/RHOSTR42.%E*#2%BPR/(ESTAR®ETA*S2% (E/IESTARSETA®SZ} 4] .. ¥0%2) ) %{].5UB5 32
L1-RHOSTR/RHOV+({ APR+BPR/LE/ (ESTAR®ETA®*2) +1. ) }*EXRHO+BIGAPR*MU+BIGBSUBS 33

A

/573



100

161

9980

G OO 60

1PR&=EMU*%2) *RHOSTR /RHO**2
DLTRHO=~G/DERI VG
ARHD=RHO+DLTRHQO

IF(ABS(DLTRHOY LT 1.E~G7) GO TO

101

IF (ABS{DLTRHD).LT.1l.E-06) GO TGO 101
CONTINUE
KICK=2200
GO 70 9980
CONTINUE
PRHO=RHO
TRHO=RHO

PEE=E
TEE=E

PVYV=VP /2.

PPP=(APR4BPR/{IE/(ESTARSETA#%2} +1. ) ) %E«RHO+BIGAPR*¥MU+BIGBPR*¥MU**2

RETURN
END

SUBROUTINE EQOS2(PPP,PRHO.PEE)

SuUBS
suUBS
$UBS
SuBS
Suss
Suas
SUBS
SuUBs5
SUBS
SuBs
suas
SuUBs
SUBS
suss
suBs
SUBS
SuUBS
SuBs

COMMON CASEID(14) 4 ITSY,1TS2,1TS3,17S4,ITIL,ITI2,1713,1ITI4,EPS1.+EPSSUBSE
12, EPS3,EPS4,EPSSEPSEyEPILyEPI2,EPIILEPI4EPISEPIGIEPIT+VP2AR,LENSUBS

1GTH,APR4BPRyBIGAPR BIGBPRyESTAR,ALPHA,BETA,RHOSTRy EPRSRHOS

SuBé6

COMMON XMESH(20,20,6) ¢XMESH2(20,2046)42(20)4R(20)4SURF(15,8},SURF25UB6
1015481+ TAB(1541442) 4 TAB2(15514,2)SPART(15+2+2)+RARF(15,11)RARF2(5UBS
11544} ,RPART( 15,2} .

COMMON 20,R0,P0O,U04VO,LOsMO,RH(04EGsAQ,UBARD+VBARD

COMMON

COMMON
COMMON
COMMON
COMMON
COMMON

NP o NToNR¢NT ¢ NDELsISUB

ZMIN IMAX o RMINsRMAX yRADIUS+GZ+GRyDELTAH

DIRCOS
TIME
[RARF
KSYOP

7

SUBé
suBé
suBeé
5UBé6
5UBb
suBeé
5UBé6
Suge
susé
suBé
suBé
SUB6
SuBé

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

\un
DR~V WO

10

12
13
le
15
16
17
18
19



a0 OO0

COMMON

COMMON

TIPSt
KKK

REAL LO+MOLLENGTHMU,KO

P=PPP

RHO=PRHO

E=PEE

ETA=RHO/RHOSTR
MU=ETA—1.
EEsE/{ESTARSETA*S2) ¢]l. :
PGRHO=E*{ APR+BPR/EE)+BIGAPR/RHOSTR+(2.*BIGBPR*MU) /RHOSTR+{ 2, *E*¢2*5UB6
18PR) /{ESTARSETA®®24EE*%2)

PGE={APR+BPR/EE ) *RHO-(E*BPR*RHO) /{ESTARSETA®®2%EE*%2)

AR=SQRT(PGRHO+PGE*P/RHO**2)

RETURN
END

SUBROUTINE EQOS3(RHO,AAE,P}

SuUBé6
SUBé
SUBé
SuBé
SUBé6
suUBé6
5uBé
susé
SUBé&
suBé

SuBé
suBé
suBé
SUBé
SuBé
sus7

COMMON CASEID(14),1TSL,ITS2,ITS341TS4ITI o ITIZ2+ITI3ITIS&,EPS).EPSSUBY
124EPSIEPSAEPSS EPSOEPILEPI2+EPI3EPIGEPLIS,EPIGEPITVPyAR,LENSUBY

1GTHyAPR+BPR,BIGAPR BIGBPR,ESTAR,ALPHABETA;RHOSTRy EPRS#RHOS

SUB?Y

COMMON XMESH(20,20+6) ¢+XMESHZ{20+20¢6)4Z120)4R(20)sSURF(15,80,SURF25UB7
101S548) s TAB(L1S5,1442) s TAB2(15¢144+2) SPART(15+2¢2}+RARF(15,11},RARF2(SUBT
115+4)2RPART(15,+2)

COMMON
COMMON

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

Z0sRO,POLUO0,VOLOy MO, RHOO4EO+ADsUBARGVBARD

NPsNTsNRoNT+NOEL,ISUB

ZMINy ZMAX RMIN,RMAX s RADIUS ¢GZ¢GRsDELTAH

OIRCOS
TIME
IRARF
KSTOP
TSI
KKK

sue7
suB?
suB?
suB?
sus?
suB7
SUBT
s5uUB7
SuB?Y
SuB7
SUBY
SUB?
SusT
Sus?



70

72

T4

5

SuUBs7

suB?

REAL LO+MO+LENGTH,MU.KO SuB?

ETA=RHO/RHOSTR suB?

MU=ETA~-1l. SuB?
EE=E/(ESTARXETA®%2 ) +], sys?

IF (RHO.GT.RHOSTR) GG TO 72 SUB7

IF (E.GE.EPRS) GO FO 74 suBY

PGRHO=E*{ APR+BPR/EE)+BIGAPR/RHOSTR+ (2, #B[GBPR*MU ) /RHOSTR+( 2, %E**2*5UBT7

IBPR)/CESTAR®ETASR2SEESH?) SUB?
PGE=(APR+BPR/EE} *RHO-(E*BPR*RHO) /LESTARSETAS*22EE**2) SUBT
60O TO 75 susT
C1=RHOSTR/RHO-1. SuUB7
C2=EXP(-BETASC]) sus?
CA=EXP(-ALPHA®(1*%2) h sus7
Ti=(BPRE*E*RHD) /EE+BIGAPR®MU*C2 sus?
T2=2,#ALPHASCL*(RHOSTR/ (RHO**2) } SUB?
T3=BPR#E/EE sus?
Ta=(2.%E)} /(ESTARSETASS29EE)} sus?

T4=T34T4 ’ ' suB7
T5=(BIGAPR*C2) /RHOSTR suB7
T6=(BIGAPR*MUSBETA*RHOSTRSC 2}/ (RHO*%2) . sus?
PGRHO=APREE4LIS(TI*T24T3+T4+T5+T6) sus7
TT=(BPR*RHO) /EE . SuB?
PGE=APR*RHOCI*(YT-TT#(E/(ESTARSETAR®2%EE})) sus?
AA=SQRT{PGRHO+PGE*P/RHO*%2) SuB7
RETURN suB?
END SUBT
SUBROUTINE EQOSS{PFR,PFE} Suss

COMMON CASEID(14) o ITSLoITS2ITS31TS4oITIL, IVI2,ITI3,1T14,EPSL,EPSSUBS
12¢EPS3EPS4EPSSEPSOEPIL JEPI24EPI3,EPIG,EPIS,EPIGL,EPIT,VP,AR,LENSUBS
L1GTHAPRBPR,BIGAPRyBIGBPRyESTAR,ALPHA,BETAJRHOSTR:EPRS,yRHOS suss
COMMON XMESH(20,20,6) ¢y XMESH2{20420,60,2020%,R(20),SURF{15,80),SURF25UBS8
11158 e TAB{15:14,2),TAB2(15,14%¢20+SPART(15,2,2),RARF(15,11})},RARF2{5SUBS
115.4),RPART{15,2) suBs8

S 5C

21
22
23
24
25
26

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

[ PN RV BV



SuBs

COMMON Z04RO4POyUDsVOLO4MO4RHOQGEQ,ADLUBARD+VBARD 5uUB8
sues

COMMON NP yNT NR¢NI NDEL,ISUB SUBs
suss

COMMON ZMINZMAX RMINRMAX,RADIUS:GZ2+GRsDELYAWH SUBSB
COMMON DIRCOS suBs
COMMON TIME : suss
COMMON TRARF sugs
COMMON XSTDP suss8
COMMON TPS1 suas
- COMMON KKK suas
' suB8

suB8

REAL LOyMO4LENGTH¢MUKO 0 suse
ET!'RHUO/RHUSTR _ SuBbs
MU=ETA-]a suss
sSusse

suBs

EPP=EQ/{ESTAR*ETA*#*2 ) +1. ‘ suss
TMP=APR+BPR/EPP _ suss
TMPL=BPR/{ESTARSETA»4#2%EPP*%2) suBs
PFRaTHP*EQ+{BIGAPR+2 ., *BIGBPR*NU ) /RHOSTR+2.*EQ**2%TMP] suUB8
PFE=TMP*RHOO-EO*RHOO*TMP] suBs
RETURN SUBS
END ‘ SuBs
SUBROUTINE EQOSP(RHOOZ2,E02,P02) SuB9

COMMON CASEID(14) e ITSLyITS24ITSAITS&yITILITIZ241TI3,1ITIG,EPS]1+EPSSURY
L2+EPS3EPSA EPSS+EPSOIEPIL +EPI2,EPI3EPIGLEPISEPIGLEPIT VP AR, LENSUBS
1GTHoAPR4BPRsBIGAPRBIGBPR(ESTARALPHA+BETA,RHOSTR, EPRSyRHOS sus9
COMMON XMESH{20,2096) ¢+ XMESH2(20420¢6)1+42Z820)+R{20}+SURF{15,80+SURF25UB9
1{1548) ,TABU1591442)4TAB2(15¢1442)4SPART{1592+2)4RARF(15,11),RARF2(SUBY

115,4),RPART{15,2) sue9
sus9

: SUB9

COMMON Z04RO,PO¢UD+VO4LOMORHOO +EDyADUBARD,VBARD sue9

S
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OO OO0

SUB9
COMMON NPoNT,NRyNI,NDEL,ISUB SUB9Y

SUB9

COMMON ZMINGZMAXoRMIN,RMAX RADIUS ¢ GZoGRyDELTAH SUB9

COMMON DIRCOS SUB9Y

COMMON TIME SUB9

COMMON IRARF SUB9

COMMON KSTOP SUB9

COMMON TPSI SUB9Y

COMMON KKK SUB9

SUB9

- SUB9

REAL LOyMOsLENGTH,MU,KO SUB9Y

ETA=RHO02 /RHOS TR SUB9

MU=E TA-1. SUB9

POZ-EOZ*RHOOZ*IAPR+¢BPR*ESTAR‘ETA**Z!IIEOZ+ESTARtETAt#ZII+BIGAPR*HSUB9

LU+BIGBPRAMU#%2 SUB9Y
RETURN SUB9

END _ SUB9

SUBROUTINE EQOSI(PO2,PGRHO,PGEsBIGGsCHECK KRYT,A02, E02,RHD02¢KMsEPSULO

1$) sUL0

COMMON CASEID(14) 4 ITS1,ITS2+1T7S3,ITSA ITI L ITI241T13,IT14,EPS]L,EPSSULO
12, EPSA,EPSh,EPSS,EPSS,EPIL JEPIZ2,EPI3,EPI4EPIS,EPIG,EPIT,VP, AR, LENSULD
LIGTH,APR +BPR,BIGAPR ,BIGBPR,ESTAR, ALPHA,BETA, RHOSTR, EPRS,RHOS sulo
COMMON XHESH(ZO.ZO.&'-lﬁESHZIZOoZOvbhleohkiZDhSURF(IStBMSURFZSUlO
101580y TAB{15,1442) s TAB2( 15414424 ,SPART(15+2+2) +RARF(15,11),RARF2(5UL0

115,4) RPART(15,2) sU10
SU10
SUl0
COMMON Z04RO4PO,UO+VO,LOsMOsRHOO,E0+A0,UBARD,VBARD SUL0
SU10
COMMON NP ¢NT4NR¢NT ¢NDEL,ISUB su10
su10
COMMON ZMIN,ZMAX,RMINJRMAX 4RADIUS +GZ+GRs DELTALH ‘ sU10
COMMON DIRCOS su10
COMMON TIME | SU10

8



708

715

716
717

COMMON [RARF
COMMON KSTOP
COMMON TPSI
COMMON KKK

REAL LOyMO,LENGTH,MU,KO
INTEGER CHECK,CHECK?Z

IF (KM.EQ.0Q) GO TO 708
RHOO=RHOSTR

TMP1=( APR+BPR) *RHOSTR-PO2/ESTAR

TMP2Z=SQRT{TMPL*#2+ 4. *PO2*APR*RHOSTR/ESTAR)
EO={~-TMPL1+TMP2) /(2. *APR*RHOSTR/ESTAR)

IF (P0O2.GT.EPS) GO TO 708
POZ'O.

E02=0.

RHOOZ2=RHOSTR .
AD2=SQRT(BIGAPR/RHOSTR)
KRYT=1

G0 TO 870

KRTT=0

ETA=RHOO/RHOSTR

MU=ETA~1l.
EE=EQ/(ESTARSETAS®2)+1,

IF (RHOO0.GT.RHOSTR) GO TO 720
IF (EO.LT.EPRS) GO TQ 720
C1=RHDOSTR/RHOO~1.
BEC1=BETA*C1 _

IF (BECL.LT.10.E10) GO TO 71&
€2=0.0

GO 10 717

C2=EXP{(~-BEC1)
C3AL=ALPHASC1*%2

IF (C3AL.LT.10.E12) GO TO 718
C3=0.0

GO YO 719

59

SulQ
Sulo
suUlo0
SuUlo
Sulo0
SuUlo
Sulo
Sulo
5Ul0
Sulo
sulo
Sul0
sUl0
sulo
sulo0
Su1o0
Sulo
SUl0
SUl0
SuUlo
SU10
suUlo0
Suld
Sulo
SU10
sUlo
SUlo0
sulo
SuUlo
sU1l0
SUl0
Sul0
Sulo
SUl10
SU1l0
su10

18
19
20

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
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52



718
719

720

729
870

(el

C3=EXP (~C3AL)

CONTINUE

T1=(BPR*EQO®RHDO) /EE+BIGAPREMU*C2
T2=2.%ALPHA®C1#{RHOSTR/ (RHOO#%2 )
T3<BPR*EO/EE

Té4=(2.9E0) /(ESTARSETA®S2#EE)

T4=T38T4

TS=(BIGAPR#*C2} /RHOSTR
To=(BIGAPRSMUSBETA®RHOSTR*C2) / (RHOO#%2)
T7=(BPR*RHOO) /EE

PGRHD=APR*EQ+C3%( T1*T2+T34T4+T5+T6)
PGE=APRSRHOOC3*(T7-TT*(EQ/(ESTARMETARS24EED))
BIGG=P02~-APR*EQOSRHOO-TL*C3

CHECK=0

GO TO 725

T1=APR+BPR/EE

T2=(BPR*EQ) /{ESTARSETAS$2%EE#*2)
BIGG=P02-T1%EQ0*RHO0-BIGAPR*MU~B]GBPREMUSS 2
PGRHO=T1*EQ+BIGAPR /RHOSTR¢2, ¢8I GBPR*MU/RHOSTRT242,9€0
PGRHO=~PGRHO ‘ :
PGE=T1SRHOO-RHOO#T2

PGE=-PGE

CHECK=1

CONTINUE

CONTINUE

RE TURN

END

SUBROUTINE SOUT2

PRINTS & LINES OF OISCONTINUVITY AT TO

sulo0
sU10
sulo
SUlo
sSUl0
sUl0
SUL0
sulo
su10
Sulo
s5U10
sulo0
sulLo
SU10
sSulo
SuUl10
Sulo
SUl0
SUl0
Sulo0
Sulo
SUlQ
su10
sulo
Su1l0
svlo
SUl0
sull
sull
SULl
Sull

COMMON CASEID(lblolTSlolTSZoITS3vITS#;!TllolTlZeITI3cITI#.EPSI'EPSSUII
12+EPSIEPSH,EPSSEPSEEPIL yEPIZ2H4EPI3 EPLALEPIS,EPIG,EPIT+VP,AR,LENSULL

1GTH,APR+BPRBIGAPR,BIGBPR+ESTAR,ALPHA,BETA,RHOSYR, EPRS,RHDS

Sull

COMMON XMESH(2042046) ¢+ XMESH202042046),2(200),R(20),SURF(15,8),5URF25Ul1
101580 ¢ TAB(15:14,42) s TAB2{15+14,2) 4SPART(15+2+2)+RARF(15,11),RARF2{SU11
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O 0 00

1154401,RPARTL15,2)

COMMON ZO4RO4POUDVO,LO+MORHOOLEQ, AD,UBARO,VYBARD
COMMON NPoNTsNR,NI NOEL,ISUB

COMMON ZMIN, IMAX RMIN,RMAXRADIUS +GZ4GRyDELTA4H
COMMON OIRCOS

COMMON TIME

COMMON IRARF

COMMON KSTOP

COMMON TPSI

COMMON KKK

REAL LOyMO,LENGTH,MU,KO

5Ull
Sull
Suit
SUl1l
Sull
SUll
SUll
sull
sul)
sull
SUll
sull
SUll
Sull
Sull
SULl

FORMAT (///30# CURVES OF DISCONTINUITY AT TO0//40X20H-~PROJECTILE SSULL

LHOCK~=//1)

FORMAT (//35X29H~--PROJECTILE PARTICLE CURVE~--//)
FORMAY (//742X16H--TARGEY SHOCK--//)

FORMAT (//38X25H-~TARGET PARTICLE CURVE-=//)
FORMAT (//42X15H--RAREFACTION--//)

FORMAT (//35%X30H--RAREFACTION PARTICLE CURVE-=//)

sull
SUll
SUll
Sull
SUll
Sull

FORMAT (TXIHZ19X1HRIIXIHPIIXIHULIX1IHV/TXIHRHOLTXIHETI9X1HALOX1HL19XSUL1]

L1HM/ /) .

FORMAT (TXIHZL19X1HR//3

FORMAT ¢ TXIHZI9X1IHRLOXLIHLLIOX1IHM/ /)
FORMAT (5E20.8/5€E20.8//)

FORMAY (2E20.8)

FORMAT {(4E20.8)

FORMAT (//735X16H--FREE SURFACE—-//}
FORMAT (1H1)

HRITE (3.4}

WRITE (3416)

WRITE (3,30) ((TAB2(I1+Je¢ld ¢ed=14100,I=1,NP}

WRITE (3,6)
G

Sull
Sull
Sull
Sull
sull
sull
SUll
Sull
Sultl
sult
SuUll
sull

10
il
12
13
14
i5
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

33
34
35
36
37
38
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40
41
42
43
44
45



aOMo

(o BN < BN 2R 8

WRITE (3,18)
WRITE (3,35}
WRITE (3,8)

WRITE (3,16}
WRITE (3,30)
WRITE (3,10)
WRITE (3,18)
WRITE (3,35)
WRITE (3,12}
WRITE (3,20)
WRITE (3,38)
WRITE (3,14)
WRITE (3,39)
WRITE (3,35)
WRITE (3,40)
RETURN

END

C(SPART(I4J91) o d=142),I=1,NP}
((TAB2{T¢Je2) 9J=1410)4I=14NT}
C(SPART([ode2) o d=142) 4 1=l 4NT}
((RARF2(14J)gJd=l44) ¢inlNR}

{(SURF2({T1,J}eJ=1,+2)1=1,NP}

SUBROUTINE SOUT

PRINTS & LINES OF OISCONTINUITY AT TO-H

Sull
SuUll
SuUll
sull
sull
Sull
SULt
sull
SUll
SUll
sultl
Sull
Sull
SUll
sull
SuUll
Sull
sul2
sule2
SuL2
sUlz

COMMON CASEIOD(14)yITS1¢1TS2,1TS3417S4,ITIL,ITI2,ITI3,1TI4,EPSL,EPSSVUL2
124EPS3,EPS&,EPSSEPSE,EPIL EPI2,EPL3,EPI4,EPIS,EPI6,EPITIVPIARJLENSULZ

1GTH,APR4BPR+BIGAPR,BIGBPR,ESTAR, ALPHA,BETA,RHOSTR s EPRS¢RHOS

sul2

COMMON XMESH(20,20+6) ¢ XMESH2(20,20+63,2¢(2004R(20V,5URF(15,81,5URF25U12
1‘15|3'17‘8‘15t14l2,fT‘BZ(l5!1§!2’QSPlRT(15|2'2'.RARF(15u11'.R‘RF21SU12
115:4) ¢RPART(15,2%

COMMON Z0,RO4PO4UC,VO,LO,MO,RHOO+EQ»AQUBARD,VBARO

COMMON NPoNT¢NR 4NI +NDEL,ISUB

COMMON ZMINyZMAX RMIN,RMAXyRADIUS+GZsGR,DELTASH

COMMON DIRCOS
COMMON TIME

SF D

Sui2
sul2
sul2

sulz2-

Sule2
sul2
sul2
sulz2
sulz2
sul2



F 3o

=0 O~

15
18
21
25

COMMON IRARF sul2
COMMON KSTOP su12
COMMON TPST sul2
COMMON KKK SU12
REAL LOyMO,LENGTH,MU,KO SU12
SU12

FORMAT (///32H CURVES OF DISCONTINUITY AT TO-H//40X20H--PROJECTILESU12
1 SHOCK-=//) su12
FORMAT (//42X16H-~TARGET SHOCK--//) SU12
FORMAT (//42X15H-—RAREFACTION--//) sul2
FORMAT (7X1HZ19X1HR19X1HPL9XLHU19X1HV/ TX3HRHOL17XIHEL9X1HAL9X1HL19XSU12
11HM/ /) | SUi2
FORMAT (SE20.8/5€20.8/7/) SU12
FORMAT (1H1) SU12
FORMAT (//35X16M==FREE SURFACE=--//) SU12
FORMAT (2£20.8) SU12
WRITE (3,4) sul2
WRITE (3,10) - SU12
WRITE (3,15) ((TAB{I,Je1)¢Jd=1,10),1=1,NP) su12
WRITE (3,6 | ' sul2
WRITE (3,10) SU12
WRITE (34151 ((TAB(14Js2)ed=1y10)41=1,NT) sU12
WRITE {3,8) SU12
WRITE €3,10) ) SU12
WRITE (3,15} ({RARF(I4J}4=1,10),1=1,NR} SU12
WRITE (3,21} SU12
WRITE (3425) ((SURF(T4J)sd=142)41514NP) su12
WRITE (3,18) sUl2
RETURN SUL2
END - su12
SUBROUTINE PRINT(BL,ZTAB,RTAB,KK} sU13
PRINTS INTERIOR REGION SU13
SU13

COMMON CASEID(14),ITS 1 ITS2,IT7S3,ITS4ITIL,ITI2,ITI3,1ITI4,EPSL,EPSSULD
120EPS3eEPSAEPSSsEPSOIEPIL sEPI2+EPIIEPIG,EPISEPIGLEPITVPoAR,LENSUL3

I1GTH+APRyBPR,BIGAPRyBIGBPRESTAR¢ALPHA,BETA,RHOSTR, EPRS, RHOS

/72

SuUl3

20
21

23
24
25
26
27
28
29
30
31

33
34
3%
36
37
38
39
40
41
42
43
44
45
46
47
48

RSN
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(o BN o

15
18
20

22

‘25

30

COMMON XMESH(2042046) +XMESH2{20,2046),2(20),R(20),SURF{15,8),S5URF2SU13
1015:8) o TAB(15¢1442) o TAB2(15+14+2)+SPART(15,2+2)+sRARF{15,113,RARF2{SUL3

115,44 ,RPART{15,2)

COMMON 2ZO04RO+POUO+VO4LOsMO4RHOOEO, AD,UBARD,VBARD
COMMON NP4NT NR,NI ¢NDEL,ISUB

COMMON ZMIN,ZMAX RMIN,RMAX,RADIUS+G2,GR4sDELTALH
COMMON DIRCOS

COMMON TIME

COMMON IRARF

COMMON KSTOP

COMMON TPSI

COMMON KKK

REAL LOyMOJLENGTHyMU.KO

DIMENSION BLI20,20,6),2TAB(20),RTAB{20)

00 15 I=1,20

00 15 J=1,20

IF (ABS(BLUI+Jel))+ABRS(BLUI4Js2))+ABS(BLII,+J,3))) 20,15,20
CONTINUE -

WRITE (3,18} )

FORMAT (1SHLTABLES ALL = 0O/1KMl)

CaLL EXIT

=1l

DO 30 [I=1[1,20 _

IF (ABS(BLO1+1,1))+ABS(BLUI1+2)0+ABS(BLCI, 3000 30,22,30
DO 25 J=1,20

IF (ABS{BL{L+Jol) i +ABS{BLUTI +Js2}0+ABSIBLII+Jy38)) 30,25,30
CONTINUE

12=1-1

GO TO 35

CONTINUE

%24

Sul3
SUl3
sUlL3
Sul3
SU13
sul3
sul13
SuU1l3
su13
SUl3
SUl3
SuUl3
Sul3
sul3l
su13
su13
Sul3
sul3
sul3
Sul3
suL3
SUl3
Sul3
SU13
SuUl3
SuUl3
Sul3
sul3
Sul3
sUl13
sul13
sul3
SuUl3
su13

10
11
12
13
14
15
16
17
18
19
20
21
22
23

24

25
26
27
28
29
30
31
32
33
34
35

37
38

40
41
42



35
37

40

45

50

52
53

56
57
62

64

68
69
70
80
82

12=20
DO 45 J=1.,20

IF (ABS(BL(TL¢JoLlt)+ABSI{BLAILJe2))+ABS(BLIILsJ,30))

DO 40 i=[1,12

IF (ABS(BLCI»Jo1)I+ABS(BLITJs2)0+ABS(BLUTL,J,30))

CONTINUE
J2=J-1
G0 T0O SO
CONTINUE
J2=20
Jl=1

PRINT TABLE

GO TO (52,56) KK
WRITE (3,53)

FORMAT. (//24HOINTERIOR REGION AT TO-H///)

GO TO 62
WRITE 13,57}

FORMATY (//22HOINTERIOR REGION AT T70///7)

DO 70 I=11,12
WRITE (3,64) ZTAB(I)

45437445

45440445

Su1l3
SU13
Su13
SUl13
Sul3
Sul3
sul3
SUl3
suUl3
sul3
sul3
Sul3
SUlL3
sul3
sSul3
SUl3
sul3
SuUl3
Sul3
Sul3
SUl3
SUl13

FORMAT (///THOZTAB =,Fl044//7X1HRIXIHPITXLIHULTXIHVITXIHRHO15XIHEL7SVUL3

LX1HAZ /)
00 69 J=Jl.,J42

WRITE (3,68} RTAB(J) {BLILsJeK)oK=1,6)

CONTINUE
CONTINUE
WRITE (3,82)
FORMAT (1H1}
RETURN

END

SUBROUTINE NRETZ2(X,Y¢X0+0X,Y0sDY+EX+EY,FGOF, ITKODE)

NEWTON-RAPHSON METHOD FOR SOLUTION OF

S

SuUl3
sul3
SU13
Sul3
Sul3
SU13
Sui3
sul3
SUl13
SUl3
SUl4
SUl4
SUl4

43
44
45

47
48
49
50
51
52
53
54
55

57
58
59
60
61
62

b4
65
66

68
69
710
71
T2
13
74
15



(o BN 2 BN 4.1 %)

TWO NON LINEAR EQUATIONS IN TWO UNKNONWNS

Sul4
SUl4

COMMON CASEIOD(LA) o ITSL o ITS2 TSI 1TS54 ITI L ITI2,1ITI3,IT14,EPSL,EPSSULA
12+ EP S EP SR EPSS s EPSOIEPTL yEPI2+EPIBJEPIGEPISLEPIGLEPIT+VYP,AR,LENSULS

1IGTH APRBPRBIGAPRBIGBPRIESTAR,ALPHA,BETA,RHOSTR, EPRS,RHOS

SUl4

COMMON XMESH{20420¢6) ¢+ XMESH2{20,20+6)42020)R(20},SURF{15+8),5URF25Ul%
LE1S5¢8) s TAB(159 14,20, TAB2(15,14,2),5PARTULIS50242)+RARF(15,1104,RARF2{SUL4

1154, RPART(15,2)

COMMON 204RO,POsUO+VO,LOoMO,RHOO,+EDsAC+UBARD,VBARD
COMMON NP +NToNR(NI,NDEL.ISUB

COMMON ZMIN,ZMAX RMIN,RMAX RADIUS,GZGR,DELTA,H
COMMON DIRCOS

COMMON TIME

COMMON IRARF

COMMON KSTOP

COMMON TPSI

COMMON XKK

REAL LOsMOLLENGTH MU, KO

XB=X0 -
YB=Y0 '
DXX=DX
oYY=DY
DELX1=0
DELY1=0
KODE=0
CONTINUE

DO 50 I=1,1Y
KK=0
XX=XB+DXX
YY=YB4+DYY

e

SUlée
SUl4
SUl+
SUls
SUL4
SUl4
SUlé
SUl4
SUl4
SUl4
Sula
SUl4
SUl4
Sule
SUl4
SUl4
SuUlé
SUl4
SULl4
SULl4
SUl4
SUl4
SUl4
SUl4
SUl4
SUl4
SuUlé4
SuUls
SUl4



laEaNel

11

10

CALL FGOF(XB,YY(F2,G2})
CALL FGOFUXX,YB,.F1,G1l}
CALL FGOF(XB,YB+F0,G0)
Al=(F1l-FO) /DXX
Bl=(F2-FO)/DYY

Cl=-FQ

A2={G1-GO} /DXX
82={G2~-GOV/DYY

C2=-G0O

DET=A1#*B2-A2%B81

IF (DET.EQ.0.} GO TO 920
DELX=(B82¢C1-BL*C2) /DET
DELY=(AL*(2~-A2%C1) /DETY

IF (ABS{DELX}.GT..001) GO TO 8

DELX=0.

IF (ABS{DELY}.GT..001) GO TO 9
DELY=(0.

CONTINUE
SDEL=ABS{DELX+DELX1)+ABS(DELY+DELY])
DELX1=DELX

DELY1=DELY

TEST FOR SAME REGION

00 10 J=1,.1IT7
XBl=XB+DELX
YBl=YB+DELY

If (YBl.LE.Q.)YBl=0.
M=COMP{XB,YByXBl,YB1)
IF (M.EQ.1} GO TO 15
CONTINUE

KK=1

DELX=,.5%DELX
DELY=.5%DELY
CONTINUE

/77

SuUl4
sUl4
SUl4
SUl4
SUuls
SUl4
SUl4
sUl4
SUl4
SUlé4
SUl4
SUl4
SUL4
SUl4
SUl+4
SUl4
SUl+4
SUl4
SULl4
SUle
SU1l4
SUl4
SUle
Sul4
SUl4
SUlé4
SUl4
SUl4
SUl4
SUl4
Suls4
Sul4
SUla
SUl4
SUl4
Sulé



15

45

46

55

60
70

GO TO 930
IF (ABS{XB-XB1l}.GT.EX) GO TO 45

WF (ABS(YB-YB1).GT.EY) GO YO 45

IF (KK.NE.O} GO TO 45
X=XB1

Y=YB81

KODE=Q

RETURN

CONTINUE

IF (KOBE.NE.1) GO TO 46
IF (SDEL.GT.EPI1) GO TO 46
DELX=,.5%DELX
DELY=.5%DELY

60 TO 9

Xg=X81

¥B=YB1

DEL=DELTA

DO TO N=1,NDEL
X82=XB+DEL
M=COMP(XBoYB,XB2,Y8)
IF (M.NE.1} GO TO 55
OXX=DEL

GO TO 8o

XB2=X8-DEL -
M=COMP(XBoYB,XB2,YB}
IF (M.NE.1) GO TO 60
DXX=~DEL

GO YO 80
DEL=.5%0DEL

CONTINUE

GO TO 980

OEL=DELTA

00 100 N=i,NDEL
YB2=YB+0EL
N=COMP(XB,YB,XB,YB2])
IF (M.NE.1) GO TO 85

e 4

SuUlé4
SUl4
SUl4
S5Ul4
Sulé
SUl4
SUl4
SUl4
SUl4
SUl4
Sul4
SU14
SUl4
SUl4
SUl4
SUl4
SUlé4
SUl4
SUl4
SUls
SUL4
SUl4
SUl4
SUl4
SUL4
SUl4
SUlé
SUl4
SuUl4
SUlé
SUlé
Sule
SUl4
SU14
SUl4
SUl4

76
17
78
79

8l
82
83
84
85
86
87
88

90
91
92
93
94
95
96
97
98

100
101
102
103
104
108
106
107
108
109
110
111



85

90
100

50

920
922

930

950
952

980

990

0YY=DEL

G0 YO 50

YB2=YB-DEL

M=COMP (XB+YB,XB4+YB2)
IF (M.NE.1) GO TO 90
DYY=-DEL

60 TO 50

DEL=.5%DEL

CONTINUE

60 TO 990

CONTINUE

X=xXB1l

Y=YB1

IF (KODE.EQ.1) RETURN

KDDE=1
GO T0 1
WRITE (3,922) 1

FORMAT (46HODETERMINANTY [S O

GO TO 950
KDOE=2
RETURN

WRITE (3,952) XOsY0.XBeVYByXBLl,YBLl,DELX4DELY
FORMAT (1XSHIO =,E15.844X5HRO

IN SUEBR.

-+

=yE15.8/1X5H28

NRIT2 FOR ITERATION, 4}

=3 E15.8,4X5HRB

Suie
SUl4
SUl4
SUil4
SUl4
SUl4
Suls
SUla
SUl4
Suls4
SUls
SUl4
SUl4
SUl4
SUl4
SUl4
SUl4
Suls
SUl4
SUl4
SUl4
SUl4

=y SULl4

1E15.8/1X5HZBL =4E15.834X5HRBl =,EL15.8/1X5HDELZI=yEL15.8y4XSHDELR=,E1SUL%

15.871K1}
CALL EXI
RETURN
KODE=)
RETURN
KODE=4
RETURN
END

FUNCTION COMPIZP4RP,IPL,RP1])
OETERMINES IF 2 POINTS ARE IN THE SAME REGION

Sula
SUl4
SUl4
SUlé
SUlé4
SUl4
SUlée
SuUlsa
Suls
SU15
suls

COMMON CASEID(14} s ITSLITS2,07S3, ITSAITELITI2, 873, [TI4,EPSL,EPSSULS

/9

112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143

PRV RN



124 EPS3oEPSAEPSSIEPSOIEPIL JEPI2HEPIILEPLISVEPIS,EPLO6WEPET, VP, AR, LENSULS
I1GTHyAPR+BPR+BIGAPR+BIGBPR+ESTAR,ALPHA,BETA,RHOSTR, EPRS, RHOS SULS
COMMON XMESH{20,20+6)+XMESH2(2042046),2020)4RC20)4SURFL15,80,SURF2SULS
L015¢8) s TAB(15414,2)yTAB2{15¢14+2)+SPART(15,2+2)+RARF(15,111,RARF2ISULS

L15+4) RPARTI{15,2) SUL5

C SuUls
COMMON Z0,RO,PO4UO+VO,LO+MO4RHOO+EQ+AD+UUBARD,VBARC SULS

C ' SUlS
COMMON NP¢NT,NR NI ,NDEL,ISUB 5U15

C . , SuU1ls
COMMON ZMINsIMAX RMIN,RMAX RADIUS GZ+GRyDELTAH SU1S
-COMMON DIRCOS : SUlS
COMMON TIME 5U15
COMMON IRARF 5U1S
COMMON KSTOP E SU15
COMMON TPSI SuUl5s
COMMON KKK ) S5uls

REAL LOsMOLLENGTHMU,KO SULS
EPS=,0000001 . ' SUl1s

IF (RP1.LT.0.) GO TO 80 SUls

IF (ZP1.GE.0.) GO TO & SUlS

IF (RP1.GT.RADIUS) GO TOD 80 SuU1sS

C SULS
C FIND CONTROL CONSTANTS FOR ZP,RP SuUls
C SU1S
4 CONTINUE SuU1s
IF (I17S3.EQ.1) GO TGO 33 SULS

IF (IRARF.EQ.Y) GO TO 13 SUl5
M=P[CXK{ZPRP,3) Suls

IF (ZP.GT.RARF{Ms]1).ANDoM.NELL)M=M=] SU15
FF=RP-RARF{M*]l42)={RARF{Me2)~RARFIM+1, 21 1e{ 2P-RARFIM+]1, 1)) /ERARF{MSULS
LelJ~RARF{M#1,11) SuUl1s

. IF (FF.LT.0.) GO TO 11 5U15
i0 NN=1 ; SUlS
GO 7O 13 sSuls

11 NN=Q SUls

o0d



13

17

21

22

a0

31
32
33

a0

90

CONTINUE
00 22 K=1,2
M=PICK(ZP1,RPL,.K]}

IF (RPL.LT.TABIM,2 K)o AND.M.NELL I M=M-1]

CONTINUE

sU1S
SU15
SuUls
SuUlS
SuUl1s

FF=7PL1-TAB(M+1 42, K)I-{TAB{My1 ,K)-TAB(M+1,1,K}}I*(RPL-TAB(M+1,2,K))/(SULS
1TAB(M2¢4KIi-TAB(M#+]1,2,K)}

IF (X.EQ.2) GO VO L7

IF (RP1.GT.RADIUS) GO TO 21
IF (FF.LT.-EPS) GO TO 90

GO0 1O 21

IF (FF.GT.EPS) GO TO 100
IF (RP.GT.RADIUS) GO TO 22

M=P [CK(ZP14RP1l+4)

SuUlsS
SUls
SU15
SUlS
SuUl5
R
SUL5
SUL5

FFE=ZP1-SURF{M+141)-{SURF(Mel}-SURF(M+1,1 ) 4*{RPL-SURF{M+]1,2))/(SURFSULS

1{M2)-SURFI(M+1,2))
IF (FF) BQ,22.,22
CONTINUE

IF (IRARF.EQ.1)} GO TO 33

M=PICK(ZP1l,RP1,3)

IF (ZPL4GV.RARF(Myl )} AND.M.NELLIM=M-]
FF=RP1<-RARF(M+]1 423 ~(RARF(M,2)-RARF({M+]1,2)}*¢(IP1-RARF(M+1,11)/(RARFSU1S

1{Me 1) -RARFI{M+1,1))

IF (FF.LT.0.) GO TO 31

NN1=1

GO YO 32
NN1=0

IF (NNI.NE.NN] GO TO
CONTINUE
COMP=]
COMP=LOMP+,2
RE TURN
COMP=2
COMP=LOMP+.2
RETURN
COMP=3,

i10

2RI/

sSuls
SUlS
SUl5
Suls
SU1S
SULS

Suls
SU1lS
Suls
SUlL5
SULS
sU1S
SUls
SuUls
SuUls
SuUls
SuULs
SU1S
SuU1s
SU15

41
42
43
44
45
46
47
48
49
50
51
52
53
54

56
57
58
59
60
61
62
63
64
65
66
67
68
69
10
71

73
T4
75



100

110

izl eNaNe

O OO0

COMP=COMP+,.2 SuU1l5

RETURN SUlLS
COmMP=4, SUlS
COMP=COMP+.2 SUls
RE TURN SuUlS
CoMP=5, SUlS
COMP=COMP+.2 SUls
RETURN SU1S
END SUl5
FUNCTICN PICK(ZIP,RP,KQDE) SUlé
: Sule
DETERMINES 2 CLOSEST CONSECUTIVE POINTS ON SPECIFIED SUlé
LINE OF DISCONYINUITY TO A GIVEN POINT SUlLé
SUls

COMMON CASETID(14) 1TSSy 1TS2,ITS3,ITS4oITIL,ITIZ2HITI3,ITI4.EPSL,EPSSULS
12,EPS3EPS4EPSSEPSOIEPIL o EPI2,EPIA¢EPILYEPISHEPIGHEPITVP AR, LENSULS
1GTHsAPRBPR,BIGAPR yBIGBPRyESTARysALPHAyBETA, RHOSTRy EPRSsRHOS Sules
COMMON XME SH(20420+61 4 XMESH2{20420+61+2020),R{20),SURF(15,8),SURF25U116
1015+ 8) g TAB(1591442) s TAB2{15+14,42) ySPART(15,2,2)+RARF(15,11)4RARFR(SULS

115,4) o RPART(15,2) SUL6
| SU16

SU16

COMMON ZO0¢RO,P04UDsVO,L0,M0+RHOO(EO0,AOsUBARO,VBARD SUL6
R SUl6

COMMON NPoNT+NR,NI ¢NDEL, [SUB | SU16
' SUl6

COMMON ZMIN+ZMAX RMINoRMAX RADIUS ,GZ o GRyDELTA,H SUL6
COMMON DIRCOS SUlb
COMMON TIME sUl6
COMMON IRARF SUl6
COMMON KSTOP SUL6
COMMON TPS! | SUL6
COMMON KKK ' sul6
REAL LOsMOoLENGTH,MY,X0 SUls
SuUl6

GO TO {5410,100,300),KADE SUlé

ZOR



60

23

100

200

203

300

NN=NP

K=l

G0 TO 15

NN=NT

K=2
AA=(TAB(LleloKN-ZP)2%2+(TAB(L1+2¢+KI-RP)**2

SEARCH SHOCK TABLES

DO 60 N=2,NN

Ax(TAB(No Lo K)-2P) ¢824 (TABINs2 :K}~RP}¥®2
IF (A.GE.AA) GO TO 23

AA=A

CONTINUE

PICK=NN~1

PICK=PICK+,.2

RETURN

PICK=N-1

PICK=PICK+.2

RETURN - '
AA={RARFU]1,13}-7P)¢824{RARF(142)—RP} %92

SEARCH RAREFACTION TABLE
00 200 N=2¢NR i
A=tRARF(Ng 1 )-2P) 32+ (RARF{N,2)~-RP) &% 2
[F (A.GE.AA} GO TO 203
AA=A
CONTINUE
PICK=NR~1
PICK=PICK+.2
RETURN
PICK=N-1
PICK=PICK+.2
RETURN
AA=(SURF(111-ZPI*#24{SURF (1,2)-RP)%%2

O3

SUl6
SuUle
Suié
SUls
SuUlé
SuUlé
SUls
sSUls
sUls
Sule
SUls
SUlé
Suleé
Suleée
SUlé
sulé
SUlé
Sulé
Sulé
Suleé
SuUlé
SUlé
SUlé6
SUle
Sulé
Sulé
SUlé
SUlé
Sulé
SUlé
Suls
SUlé
Sule
SUls
SU16
suls



aNaly

400

303
304

2N alal el

GO OO0

SEARCH FREE SURFACE TABLE

DD 400 N=2,NP
A=(SURF(Ny11-2P)3%2+ (SURF(N,2)~RP) #%2
1f {A.GE.AA) GO TO 303

Ad=A
CONTINUE
P1CK=NP-1
PICK=PICK+,2
RETURN
PICK=N-1
PICK=PICK+.2
CONTINUE
RETURN

END | |
SUBROUTINE GUESS(KODI +KODZ ¢2P4RP412,K2+264RG,DZ, DR}

DETERMINES STARTING POINT AND DELTAS
FOR NEWTON-RAPHSON ITERATION

Sule
SUL6
Sulé
SUlé
sule
SuUls
SuUle
sule
Sulé
Suls
Suleé
Sule
Sulé
SUlé
SUté
SUlé
SuUl7
SuUlY
SUL?
sSu1?
Sul7

COMMON CASEID{14) o ITSLeITS2417S341TS4yITI1oITI2,ITI3,1ITI4,EPSL,EPSSULT
124EPS3EPS44EPSSEPSO4EPIL yEPIZEPI3LEPI4,EPLIS,EPIG,EPLTVPsAR,LENSULT

1GTHAPR(BPRBIGAPR yBIGBPRyESTARALPHA,BETA,RHOSTR, EPRSRHOS

sulY

COMMON XMESH(20520¢6) s XMESH2(20,20+6)¢2(200,R(20)ySURF(15,8),SURF25U17
1015981 TABU1591492) o TAB2(15+14+2) +SPART(15,2¢2)+RARF(15,11),RARF2(SULT

115¢4) +RPARY(15,2)

COMMON 20,RO+PO+UQ+VO:LO¢MO,RHOO,EQ,AD,UBARD,VBARD
COMMON NPyNT,NR, NI +NDEL,ISUB
COMMON ZMIN, ZMAX RMIN4RMAX ¢RADIUS+GZ+GReDELTASH

COMMON DIRCOS
COMMON TIME

20l

Sul?
SULT
SUlL?
Su17?
SulL?
SU17
sul?
sul?
sul7
su17



10

24
25

26

20

COMMON [RARF

COMMON KSTOP

COMMON TPSI

COMMON KKK

REAL LGOsMO+LENGTH,MU,KD

K$=0

IfF (KOD1.EQ.2) GO T0O 140
IG=TAB(12,1,K2}
RG=TAB(12,2.K2)

IF (IRARF.EQ.1}) GO TO 9
M=l1-{NR-Z2}*(K2~21}

SU17
SUlT
sUl7
suL?
su1t
SUlY
SuL?
SUL7
SuUl7
sSul?
SUl17
sul7

FF=RG~RARF {M+]1,2)~(RARF{Ms2)-RARFI{M+1¢2) b *{2G-RARF(M+1,1}3/{RARF{(MNSULT

Lel )-RARF(M+1,1)}

IF (FF.GT.C.) GO TQ 9
26=(1.-.02/¢(RADIUS~-RG) ) *IG
RG=RG+.02 )

[F (RG.GT.{RADIUS~-.01%) GO TO 110

GO T0 2

CONTINUE

60 TO 50

J4J3=NT-1

IF ¢17T53.€Q.1) GO YO 26
DO 24 M=1,44J -

IF (RP.GT.TAB(M#142,42).0R.RP.LT.TAB{M,2:20)} GO TOD 24

GO TO 25
CONTINUE
CONTINUE

sul?
SUL7
SULY
Su17
SUl7Y
SUL?
SuUl?
Sul7
sul7
suL?
SU17
Sul?
sulv
sulv
SuUlLY

FF=IP-TAB(M+Ly1¢2)-(TAB(My1,42)-TAB(M¥L+1,2}12IRP-TAB(M+1,2,28)/(TASULT

1B4{ M 2:2)-TAB(M+1,2,2)}
IF (FF.GT.0.} GO TO 20
CONTINUE

I1G=21pP

RG=RP

G0 14O 50

IK=M

205

su17?
SUl?
SUlT
Sul?
SuUlL?7
sul17
SuULY

21

23
24
25
26
27
28
29
30
3l
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
41
48
49
50
51
52
53
54
55
56



2l aNalt NaNaln
o

55

60

75

(e NaNe

MeCROSSITAB(IKy1¢2) o TAB(IK ¢2¢2) o TAB(IK+¥Ly192) o TABIIK#1¢242)90.90.,SU17

1ZP4RPLIGLRG)
GO TO (50,92C0+930) oM

COMPUTE DELTAS
DEL=DELTA
1 DELTA

LL=0

DO 70 N=1,.NDEL
I11=2G+0EL ‘
M=COMP(2GsRG4ZZ4RG)
IF {M,NE.1) GO TO 58
DI=DEL

G0 T0 80

11=1G~DEL

M=COMP (ZGeRGy2Z2Z4RG)
IF {(M.NE.1l) GO TO &0
0Z=-DEL

60 YO 80

DEL=,S*DEL

CONTINUE -
Li=LL+1

IF {LL.EG.3) GO TO 75
RG=RG-DELTA/S.
DEL=DELTA

GO To 52

K0D2=2

RETURN

DEL=DELTA

IF (XS.EQ.1) GO YO 120

R DELTA

D

SUlL?
Su17
Sul?
Sui7
SuU1?
SuUlL?
Sul7
sulv
SuUlY
SUl?
sulY
Sul?
SUl?
SUl7
SU1L7Y
Sul?
SUl?
sUl7
5U17
SUlY
sul?
sSuLr7
sult
SUl?
su1?
Sul7
SUl?
SULT
Sul1?
SuUlL7
sul?
SUL7
SuU17
SU17
su17



82

a5

90
100
108

104

110
120
920
922

930

LL=0

DO 100 N=1,NDEL
RR=RG+DEL
M=COMP{ZGyRG+ZGoRR)
IF (M.NE.1) GO TO 85
DR=DEL

1F (KS.EQ.1) GO TO SO
GO TO 120

RR=RG-DEL
MeCOMP(ZGyRG+2GRR )
IF {(M.NE.1) GO TO 90
DR=-DEL

IF (KS.EQ.1) GO TD SO
GD TO 120

DEL=.5*DEL

CONTINUE

CONTINUE

LL=LL+1

FLi=LL

IF (LL.EQ.S) GO TQ 110

IG1=ZG+DELTA/S.*FLL*{(~-1.)*eLL
M=COMPI(IG,+RG,2G14RG)
IG=1G1 N

IF (M.NE.1) GD TOD 108
KS=1

G0 10 82

K0D2=2

RETURN

K0D2=s1l

RETURN

WRITE (3,922)

FORMAT (42HOERROR FOR COINCIDENT LINES IN SUBR.

60 TO 950
WRITE (3,932)

vy

SUl?
SUL7
SuULrT
SuUl?
SuUl7
SUL7T
SUL7
Sul?
sult?
SUL7
suw7
suLY
SuUl?
Sul?
SuUL?
SUL?
SUL?
sulv
sul7?
sul7?
Sul?
suUl7
sul?
SUL7
su17
SUL?
SuL?
su17
SULT
SuUlT
SUlY
SutL?
Sul?
SU17
SulL7
Sul?Y

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128



932 FORMAT (40HOERROR FOR PARALLEL LINES IN SUBR. GUESS) SuUlT 129

c SULl7 130
950 WRITE (3,952) KOD1,+12+K2,ZPsRP S5uU1T 131
952 FORMAT (1XSHKOD1=314y4X3HI2=414+4X3HK2=,14/1X3HIP=4E15,8,4X3HRP=,ESULT 132
115.8/1H1) SUL7 133
XY¥I=~2, SULT 134
ZYX=SQRT(XYZ) SUl7 135

CALL EXIT ' SU17 136
RETURN SUlT 137

‘END SUL? 138
FUNCYION CROSSUXT oYL oX2+Y2eX39Y3eXbsY4eXeY) Suls 1

C ' suls 2
c FINDS INTERSECTION OF TWO STRAIGHT LINES - SU18 3
C suls &
EPS=,0000001 - suls 5
Al=Y2-Yl suls 6
Bl=X1-X2 - juls 7
Cl=X1%Al+Y1#*B1 suls 8
A2=Y4-Y¥3 , suls 9
B2=X3-X% . suis 190
C2=X3%A2+Y34B2 sulg 11
DET=AL#82-A2%81 : suis 12
D1=C1#B2-C2*81 ' suia 13
D2=A1%C2-A2%(Cl - SUls 14

IF (ABS(DET).LE.EPS) GO TO 10 syl 15
X=D1/DET suls 16
Y=02/DET suisa 17
CROSS=1 suls 18
CROSS=CROSS+.2 sulis 19
RETURN suls 20

10 IF (ABS(D1).GT.EPS) GO TO 20 sulg 21
IF (ABS(D23%.LE.EPS) GO TO 30 suls 22

20 CROSS=1 suls 23
CROSS=CROSS+.2 Sula 24
RETURN suls 2%

30 X=X1 SUi8 26

20K



316

N OO0

50

60

Ye¥Y]

CROSS=2
CROSS=CRDSS+.2
CONTINUE
RETURN

. END
FUNCTICON PART{MODE ZP,RP,IX¢RXyDELTA¢NDELY

LOCATES A POINT IN THE SAME REGION AS A GIVEN POINT
TQO BE USED IN COMPUTING A PARTIAL

MODE=1,WITH RESPECT TO R

MODE=2,WITH RESPECTY 70 Z

GO TO (2,4} ,MODE
DR=DEL TA

02=0.

GO TO 8

DR=0.

0Z=DEL TA

00 50 NN=1,NOEL
RR=RP+DR

1I=2P+01

M=COMP (ZP,RP4ZZ 4RR)
IF (M.EQ.1) GO TO &0
RR=RP-DR | ’
21=1P-01

M=COMP (ZP(RP,ZZ +RR)
IF (M.EQ.1) GO TO 60
DZ=DZ*.5

DR=DR*.5

CONTINUE

PART=2

PART=PART+,2
RETURN

1x=22

RX=RR

Suls
suis
suUls
Suls
suls
suls
SUl9
SUl9
sul19
SuUle
SuU19
sule
SUl9
SuUl9
SuUl9
suUl9
sUL9
Suls
SuU19
SUl9
SuUl9
SU19
SU19
SUl9
SuUl9
SuUl9
suUl9
SUl9
SuUl9
SuUl9
sSuUl9
Sy19
Sule
sule
sul9
Su19



OO0

PART=]

PART=PART+.2

RETURN

END

FUNCTICON PICKZ2(ZP,RP,KODEY

DETERMINES 2 CLOSEST CONSECUTIVE POINTS ON SPECIFIED
LINE OF DISCONFINUIYY TO A GIVEN POINT

sul9
Sule
sule
Sul9
su20
SuU20
Suz20
suz20

COMMON CASEID(140s ITS1,IVS2,1TS3,ITS4, ITIL IY12,1TI3,ITI&AEPS]1,EPSSU20
124 EPS3EPSAIEPSSEPSE4EPILoEPI24EPIIEPIHEPISIEPISLEPIT,VP,AR,LENSU20

1GTHyAPR+BPR¢BIGAPR+BIGBPRyESTAR)ALPHA,BETA,RHOSTR, EPRS¢RHDS

suz20

COMMON XMESH(20¢20+6) ¢XMESH2(20420461,2020),RL20}),SURF(1548)sSURF25U20
L(1548) s TABU15¢142)+TAB2(15914,23 ¢SPART(1542,2)RARF{15,11),RARE2{SU20

1154} ,RPART(15,2)

COMMON ZO0,RO4PO,UO,VO,LO0¢MO¢RHOD+ED+AD+UBARD,VBARD
COMMON NP, NT,NR,NI ,NDEL,ISUB

COMMON ZMIN,ZMAX,RMIN,RMAX RADIUS +GZ+GR+DELTA4H
COMMON DIRCOS A

COMMON TIME

COMMON [RARF

COMMON KSTOP

COMMON TPSI .

COMMON KKK

REAL LOsMOJLENGTHMU,KO

GD TO {5.10,100,205,210,300,500),K00E
NN=NP

K=]

GO 1O 15

NN=NT

K=2

AA=(TABZ2{L1 41K )-2P o024 (TAB2(142:K)=RP)IR22

SEARCH SHOCK TABLES

2,/

Su20
suzo0
sSu20
su20
suz2o
Su20
Su20
svao0
su20
Su20
su20
Su20
suz20
su2o0
Su20
suz2o0
SU20
Su20
suz20
SU20
Suz20
Su20
su20

i



60

23

100

200

203

205

210

215

DO 60 N=2.NN
A=(TAB2(NylyK}-IP)*%24+(TAB2(Ne2+K}-RPI%%2
IF {(A.GE.AA} GO TO 23

Ap=A

CONTINUE

PICK2=NN-1

PICK2=PICK2+.2

RETURN

PICKZ=N-1

PICK2=PICK2+.2

RETURN
AAs{RARF2(141)-ZP)1 822+ {RARF2(1,42)-RP}*%2

SEARCH RAREFACTION TABLE

D0 200 N=2,NR -
A={RARF2{N,11-2P) 232+ (RARF2(Ny2]-RP)*%2
IF (AJGE.AA)} GO YO 203

AA=A e

CONTINUE :

PICK2=NR-1
PICK2=PICK2¢+.2
RETURN
PICK2=N~-1
PICK2=PICK2+.2
RETURN

NN=NP

K=}

60 70 215
NN=NT

K2 '
AA=(SPART(141¢KI=2P) #8524+ {SPART(142:K)-RP}#%2

SEARCH SHOCK PARTICLE TABLES

4

suz20
SUz20
su20
Su20
SU20
suz20
suU20
su20
SU20
suzo0
sU20
su20
suzo0
suz0
su20
Sy20
Su20
Su20
su20
SU20
suz20
sSu20
Su20
suz0
SU20
su20
Su20
5U20
Su2Q
suzo
su20
SuU20
su20
SU20
Su20
$u20



2ol

223

360

400

403

500

520

DO 260 Nz=2 4NN

A={SPARTIN 1 4K}=ZP)¥%2+{SPARTI(N,2,K}-RP) %2

IF (A.GE.AR} GO TO 223

AA=A

CONTINUE

PICK2=NN-1

PICKZ2=PICK2+.2

RETURN

PICKZ=N-1

PICKZ=PICKZ2+.2

RETURN
AA={RPART{1,41)-2ZP)%&2+{RPART{1,2)~RP}%x¥%2

SFARCH RAREFACTION PARTICLE TABLE

00 400 N=2,NR
A=(RPART(N,y1)~2P) 242+ (RPART (N2 )=-RP)*x?
[F (A.GE.AA) GO TO 403

AA=A

CONTINUE

PICK2=NR-1

PICK2=PICK2+.2

RETURN

PICK2=N~1

PICK2=PICK2+.2

RE TURN
AA=(SURF211+1)-ZP) %24 ( SURF2(142)-RP) ¥x

SEARCH FREE SURFALE TABLL

DO 520 N=2NP

A= (SURF2(N,1)1-ZP} #2324+ {SURF2(N,2)~RP)%¥2
IF (A.GELAA) GO TO 523

Ad=A

CONTINUE

PICKZ=NP-1

ez

SUZD
Syz20
SUz20
s5u20
SuU20
Suzo
5020
suz2¢
SU20
5020
SU20
SU20
SuU20
5020
5uz20
5U20
su20
sv20
sy2¢
Su20
5U20
S5U20
S5u20
5020
Su20
suz2o
suza
SU20
s5u20
5020
SU20
suz0

. SuU20

s5u20
S5U20
SU20

69
T0
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
48
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104



523

laNalalelel

PICKZ=PICK2+.2
RETURN

PICK2=N~1
PICK2=PICKZ+.,2
RETURN

END

FUNCTICGN TEST(ZP,RP)

DETERMINES IF A GIVEN INTERIOR POINT IS IN

THE REGION TO BE CONSIDERED

suU20
5U20
su20
sU20
sU20
Su20
Su2t
su21
suzl
su2l
suzi
su21

COMMON CASEID(14) 4 ITSLyITS2,1TS3,I1T7S4,ITI1,ET12,IT13,1TI4,EPS1,EPSSU2]
L2yEPSIEPSAEPSSEPSOEPIL LEPI2,EPI3,EPI4EPIS,EPIL,EPIT,VP,AR,LENSU2]

IGTH,APR,BPRyBIGAPR,BIGBPR,ESTAR+ALPHA,BETA,RHOSTR, EPRS,RHOS

suzi

COMMON XMESH({2042046) ¢ XMESH2(20,2046),4Z12001,R(201,SURF(15,80),SURF2SU21
ll15,81,TA8(15.14.2]qTABZ(15ol4.23'SPART115a2v2)oRARFIIS.11!.RARF2(SUZI

115+44)3RPART(15,2)

COMMON ZOsRO4PO+U0+VO+LOsMO4RHOO4EOC,AD,UBARD,VBARD

COMMON NP+NT,NR¢NI+NOEL,ISUB

COMMON ZMINsZMAXoRMINyRMAX 4RADIUS ,GZyGRoDELTA,H

COMMON OIRCOS

COMMON TIME

COMMON IRARF

COMMON KSTOP

COMMON TPSI

COMMON KKK

REAL LOsMO,LENGTH,MU.KQ

EPS=.0001
IF (ITS3.EQ.1) GO TO 5

IF (RP.GT.{RADIUS+EPS)) GO TO 5

s 5

suZl
s5uz2l
suzl
suzl
su21l
su2l
suz2l
sSuz2i
suzl
su21
suzl
Suz21
suzl
su2l
suzi

SUZ1

su21
suzi
suzl

105
106
107
108
109



50
10

M=PICK2(IP+RP,T)

sv2t

FF=1P~SURF2{M#1,1)-(SURF2(M,L}-SURF2(M+141)})*(RP-SURF2{(M,2})/1S5URFSU21

12(My23-SURF2(M+]1,2})
KICK=5

CALL DVCHK({KQ}

IF {(KQ.EQ.1Y GO TO 9980
IF (FF) 200+5,5
CONTINUE

IF (ZP.GT.-EPS} GO TO 1
IF (RPL.GT.IRADIUS+EPS)) GO TO 200
00 10 K=1,2

IF (ITS3.EQ.1} GO TO 100
M=PICK2{ZIPRP,K])

IF ‘TABZ'Mlsz'.GToRp'AND- H.NE.I'H="-1

5U21
suzl
s5u21
suzl
suzl
su21
su2l
su2l
su21
su2l
suz2l
suz2l

FF=ZP—TABZ(H+1'l.K!*(TABZ(Hcl.Kl*TABEIH#lnl'Kil*(RP—TABZ(H#leoKIJSUZl

1/7(TABZ2 (M, 2,K)~-TAB2{(M+1,2,K}))
KICK=50

CALL DVCHK(XQ)

IF (KQ.EQ.1l) GO TO 998¢C

IF (K.EQ.2Y GO TO SO

IF (RP.GT.RADIUS) GO TO 10
IF (FF) 200,10,410

IF (FF) 10,10,200
CONTINUE .

DO 20 K=1,2

J=K+3

M=PICK2(ZP+RPyJ)

IF (SP&RT‘"’Z'KI.GT.RP. aND.M-NE.ll“""H—l

su2t
sSu2l
suz2l
su21
su21
suzi
suzl
suzl
sy2l
su21
suzl
suzt
su2l

FF=IP-SPART(M#L 41y KI—(SPART(Myl,K)}-SPART(M+1,14K))*(RP-SPART(M+]1,250U21

LeK))}/ZUSPART(Me2 4K)~SPART(M+1,2,K})
KICK=15

CALL DVCHK(KQ)

IF (KQ.EQ.1) GO TO 9980

1f (K.EQ.2) GO TO 15

If (RP.GT.RADIUS) GO TO 20

[F (FF.LT..001} GO TQ 300

279

suz21l
Su2i
suz21
su2l
suz21
suzl
svel

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
56



G0 TO 20 suz2l 67

15 IF (FF.GT.-.001} GO TO 400 SuU21 68
20  CONTINUE SU21 69
IF (IRARF.EQ.1) GO TO 100 SU21 70
M=PICK2(ZP 4RP¢3) su21 71
FF=RP—RARF2(M+142)~(RARF2(M,2)}-RARF2{M+1,2) ) #(ZP~RARF2(M+1,1))/(RASU21 T2
1RF2(M, 1) ~RARF2(M+1,1)) su21 73
KICK=20 suzl 74

CALL DVCHK(KQ) su21 75

IF (KQ.EQ.1) GO TO 9980 suzl 76

IF (FF.LT.0.) GO TO 100 suzl 77
M=PICK2(ZP,RP,6) su21 78
FF=RP-RPART{M+142)—{RPART(M,2 ) -RPART(M+1,2)) % {ZP-RPART{M+1,11}/(RPSU2L 79
LART(M,1)-RPART(M+1,11) sUz1 80
KICK=100 . suzl 81

CALL DVCHK{KQ) sy21 82

IF (KQ.EQ.1} GO TQ 9980 suz2l 83

IF (FF.LT.0.) GO TQ S00 SU21 84

100 TEST=1 | SU21 85
TEST=TEST+,2 : suU21 86

RE TURN su2l 87

200 TEST=2 suzl 88
TEST=TEST+.2 su2l 89
RETURN _ suzl 90

300 TEST=3 su21 91
TEST=TEST+.2 | su2l 92
RETURN su2l 93

400 TEST=4 sU21 94
© TEST=TEST+.2 , sU21 95

RE TURN Su21 96

500  TEST=5 su21 97
TEST=TEST+.2 - suU21 98

RE TURN su2l 99

9980 WRITE (3,9985) KICK SU21 100
9985 FORMAT {32HODIVIDE CHECK NEAR STATEMENT NC.,[5+14H IN SUBR. TEST/1SU21 101
1H1) sy21 102

/5



ialeXalal

o OO0

RETURN
END

SUBROUTINE FGOFS(Z5,R5,4554QQ)

COMPUTES 55,Q% FOR INTERIOR REGION
ITERATION FOR 154R5

suet 103
Su21 104
Su22
suz22
suz22
su22

COMMON CASEID(L4) ¢ ETSLITS2ITS3, 0TSS4, ITIL L ITIZ2yITI3,ITI4,EPSL,EPSSU22
L24EPS34EPSOEPSSEPSEHYEPIL JEPIZZEPI3yEPI4EPIS,EPTG6.EPITy VP ARsLENSUZ22

1GTHeAPR,BPR,BIGAPR,BIGBPR,ESTAR,ALPHA+BETA,RHOSTR,EPRS, RHDS

i

2

3

4
su22 5
6

7
su22 B
9

COMMON XMESH{20+2046) ¢ XMESH2(20+2046)+2{200+R120)+SURF(15,89,5URF25U22
1015081, TAB{1541442)9TAB2(1S591442),SPART(15,2+2)+RARF(15,11),RARF2{SU22 10
115,41, RPART(15,21)

COMMON
COMMON

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

L0sROWPOJUD VO LO+MOL,RHODLEQ,AQD,UBARD,VBARD
NPy NT NR NI ¢NDEL,ISUB

IMINGZMAX,RMIN(RMAX sRADIUS ¢GZsGReDELTALH
DIRCOS

TIME

IRARF

KSTOP

TPSI

KKK

REAL LOsMCyLENGTH,MU,KO

DIMENSION ANS(6)

CALL OBLTRPUZI5+RS,ANS)
US=ANS(2)

V5=ANS(3}
SS=25-~10+H*V5
QQ=R5~RO+H*U5

RETURN

A

sSugz 11
su22 12
suz2 13
Su22 14
sU22 15
sSuz22 16
suzz 17
suz2 18
su22 19
suz2zz 20
su22 21
sy22 22
suez2 23
Su22 24
suz2z2 25
su22 26
suz22 27
suz2 28
su22 29
su22 30
su22 31
su2z2 32
suzz 33
suz2 34



O On

SO

e NaNaNe

END
SUBROUTINE ITRP

su22
S5u23

COMMON CASEID(Y4) s ETSLsITS2,ITS3,1TS4, ITIL,ITI2,ITI3,[T14,EPS1,EPSSU23
L2+ EP S A4EPS4  EPSSEPSOGIEPIL yEPI24EPI3EPIA,EPISEPIO,EPI Ty VP AR, LENSUZ3

IGFHAPRBFRBIGAPR (BIGBPRSESTARLALPHALBETA, RHOSTR, EPRSRROS

5u23

COMMON XMESHU2042046) 4 XMESH2(20,20,6),Z(20),R(20)4SURF{15,8),SURFZ25U23
L{15+8B) s TABCL1So1442) s TAB2(15414:2)SPART(15+2+2)}yRARFUL5,11),RARF2I5UZ3

115,4),RPART( 15,2}

COMMON Z0,R0,PO4U0,V0,LO4yMOsRHODO,EQ,AQUBARD,VBARD
COMMON NP ¢NToNRyNI NDEL,ISUB

COMMON ZMIN,ZMAXyRMIN,RMAX RADIUS GZ4GReDELTA+H
COMMON DIRCOS

COMMON TIME

COMMON IRARF

COMMON KSTOP

COMMON TPSI

COMMON KKK

REAL LO+MO,LENGTH,MU,KO

INTERPOLATION SCHEME FOR POINTS BETWEEN PARTICLE CURVES
AND OISCONTINUITIES

EPS=.0000001

KOD1=0

KOoD2=0

00 1000 J=1,20

D0 10Q00 I=1,20
M=TEST(Z(I)},R{JI)

IF {(M.NE.S5} GO TO 906

IF (IRARF.EQ.1) GO TO 906

N

suz2i3
5u23
Su23
suz3
5u23
sU23
5U23
5u23
5U23
su23
suUZ3
suz23
suU23
sSuz23
5U23
suU23
SuU23
suz23
su23
suUz23
suz3
suzs3
Suz23
5uU23
5u23
5uU23
su23
su23
Su23

O = D B e
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VMPUNEDLCONOWNS WM =00 oVt puwih=o



07
308

906

8050
614

8488
8051

1001

8002

1003

1004

NR1=NR~1 Su23

DO 907 JJ=1,4NR1 sU23
[F (RARF2(JJs1)eLToZ1)oAND.RARFZ(JI+1413.6GT.Z{1}) GN TO 908 SU23
CONTINUE SU23
CONTINUE SU23
FF=ROJI-RARF2{JJ+L+2 4 (RARF2(JJ42)-RARF2UJI+1 42 1% (Z (1) -RARF2{JI+15U23

Lo L})/(RARF2(JJ,L)-RARF2(JI+1,1)) SU23
[F (FF.LT.0.) GO TO 1000 su23
CONTINUE , su23
[F (M.EQ.3.AND.Z(1}.LT.EPSLAND,ABS(R(JI~RADIUS).LT.EPS) GD TO 10005U23
IF (M.LT.3) GO TO 8OS1 , su23
WRITE (3,8050) su23
FORMAT (30HOINTERPOLATION SCHEME EMPLOYED) : Su23
FORMAT (1XSHZO =4E15.6+4X5HRO =,ELS5.8) su23
20=2(1) su23
RO=R(J) sU23
WRITE (3,614) Z04RO - su23
WRITE (3,8888) M SU23
FORMAT (1X4HM =,14) _ su23
CONTINUE SU23
GO TO (1000,1000,1001+101041100),M SU23
IF (IRARF.EQ.1} GO TD 1003 SU23
M=PICK2(Z01) 4R(SD),3) Su23
FE=R{J)-RARF2(M+142 ) +{RARF2(My2 ) —RARF2(M+142))#{Z(1)-RARF2(M+1,1))5U23

L/(RARF2(My1)-RARF2(M+1,11) SU23
[Ff (FF.GT.0.) GO TQ 1003 5U23
D0 8002 K=1,6 su23
L=K+2 su23
XMESH2 (14 JoK)=RARF(L,L) su23
GO TO 1000 sU23
L=I¢1 SU23
N=TEST(Z{L),R(JI}) _ Su23
GO TO (1004,1007,1030,1030,1050),N su23
M=PICK2{Z (1) 4R(JDy1) su23
DO 1006 K=1,8 su23

ANS=TABZ(M K+ L1 +{TAB2{M+L 4Ky 1 ) -TAB2(My K, 11V 2{R(J)-TAB2(M,2,1))/(TASU23
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8005

G024

1006

1007

1008

1009

1R2(M+1,2,1)-TAB2(M,y2,1)} suUz23

{F (K.NE.1) GO YO BOCS Suz23
ANS1=ANS SU23
GO TO 10066 Suz3
CONTINUF suz23
IF (K.EQ.2) GO TO 10906 Suz3
KX=K=2 SUZ23
I[F (ABS{R{J})-RADIUS).GT.EPS) GO YO 9024 SuUz3
IF (K,GT.%.0R.K.LT.%) GO TO 9024 Suz3
ANS=TABZ{M+],K,11] 5uU23
CONTINUE Su23
XMESHZU L o JoKX)=ANSH{XMESHZ (Lo JoKXI-ANSIZ(2(T¥~ANS]1 )/ (ZELI-ANS]) SuU23
[F (ABS(R{J)-RADIUSI.GT.EPS) GQ TGO 1006 Suz23
XMESHZt Iy Jeli=0. su23
XMESHZ2(T+Joe41=RHOSTR Su23
XMESHZ2{1,J,5)=0, 5023
XMESHZ{1,446)=5QRT{BIGAPR/RHNOSTR) s5U23
CONTINUE SuU23
GO T 1000 Su23
MM=PICKZ2{Z(1)1,R{J},2} ‘ SuU23
M=PICKZ2(Z{T)R(I),1) suz23
0o 1009 K=1,8 5U23
ANS=TASZ (M Ky L) +(TABZ2 (M+ Loy K1) ~TAPZIM,Ky 1) )XIR(JI-TABZ2(M,2,1))/1TASUZ3
1B2{M+1,241)1-TAB2(M,2,11}} suz23
ANSW=TAB2I MM K 214 {TARZ (MM+ 1 ,Ko2)-TAB2 (MM, K, 2} )% (R(JI-TARZ(MM,2,2}15U23
L)/{TAB2(MM+]1,42,42)~-TAB2( MMy 2,1} ) sSuz3
I[F (K.NE.1} GD TO 1008 suz23
AMS1=ANS 5023
ANS2=ANSHW SU23
GO TO 1009 suz23
CONTINUE 5U23
IF {K.EQ.2Y GO TO 1009 sU23
KX=K—-2 SuUZ23
XMESHZ (T o Jo KX} =ANS+ ( ANSW-ANSY*®{Z(I)-ANS1Y/(ANSZ—-ANS]) 5U23
CONTINUE 5023
GO TO 1000 5uU23
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17
73
T4
75
16
11
18
79
80
81
82
43
B4
B5
86
87
a8
89
90
91
2
G3
94
95
96
37
I8
99
1Qu
101
102
103
104
105
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1010

1012

1013

1014

1015

1016
1017

1024

IFf {IRARF.EQ.1) GO TQ 1013 Su23
M=PICK2(ZE1},R(J),3) 5U23
FE=R(JI-RARF2(M+] 42 ) +{RARF2(M2)-RARF2(M+142})%(Z(1)~-RARF2{M+1,1)}SU23
1/7{RARF2(Ms1)-RARF2(M+1,11)) SU23
IF (FF.GT.0.} GO TO 1013 ' Su23
DO 1012 K=1,46 Suz23
L=K+2 su23
XHESHZ!IgJ-KIzﬂhRF(l’Ll 5uU23
60 TO 1000 su23
L=1-1 ' suUz23
IF (ABS(ZC(I}).LV.EPS) GO TO 1017 : suz23
N=TEST(Z{L),,RUJ}} suz23
GO TO (1014,1017+1030,1017,1051) 4N Su23
M=PICK2{Z(1},+R{J},2) _ su23
DD 1016 K=1,8 su23
ANS=TABZ{M K42+ (TAB2{M+1 ,Ky2)~TAB2( MK, 21)%(R{JI-TAB2(M,2,2))/(TASU23
1B2{M+142+2)-TAB2(Ms24+2)) sSu23
If (K.NE.1) GO TO 1015 Su23
ANS1=ANS , su23
GO 70 1016 - Su23
CONTINUE : su23
IF (K.EQ.2) GO TO 1016 su23
KX=K-2 Suz23
XMESHZ2UT ¢ JoKX)=ANS+(XMESH2 (Lo Jy KX} ~ANS)®(Z(I)~ANSL)/ (ZILI~ANSL) suz23
CONTINUE , suz23
GO 70 1000 sue23
L=J-1 5u23
N=TEST(Z(1),R{L)} su23
GO TUO (1024+103001030,1030,41051)4N 5u23
M=PICK2(ZLT)+REJ}42) SuU23
0D 1026 K=2,8 suz3
ANS=TABZ2{IM K 2)+(TAB2(MeLlyKy2)-TAB2(MeK2) )% Z(1)-TAB2{M:1+20}/(TASU2]
182(M+1,1,21-TAB2{M,1,2)) suz3
If {(K.NE.2) GO YO 1025 su23
ANS1=ANS suz23
GO 7O 1026 : su23
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1025 CONTINUE SU23 144

KX=K-2 Su23 145

IF (ABS{Z(1)).GT.EPS) GO TO 9125 SU23 146

IF (KaGT.5.0R.KalTa4) GO TO 9125 5U23 147
ANS=TAB2(M+]1+K 42} SU23 148

9125 CONTINUE S5U23 149
XMESH2(T ¢ JoKXI=ANS+(XMESH2 (I 4Ly KX)-ANSI®{R{JI-ANSLI/(R{L}=ANS1) suz3 150

IF (ABS{Z(I1}).GTLEPS) GO TA 1026 Su23 151
XMESH2(14Jy1)=0. Suz23 152
XMESHZ2 (I J+4)=RHOSTR : Su23 153
XMESH2(14+J¢5)=0. SU23 154
XMESHZ2(LyJeb)= SGRT(B[GAPRIRHDSTR' Su23 155

1026 CONTINUE SU23 156
GO TO 1000 : suz23 157

1100 M=PICK2{ZC1)yR{J) 43} SuU23 158
ANS1=RARF2{(M+]+2}+(RARF2(M,42)- RARFZ(H+1-Zil*llel—RARFZ(H+1 13)1/7(RSU23 159
1ARF2{Ms1)-RARF2(M+L,410) SuU23 160
L=J+1 SU23 161
M=TEST{Z(I),RIL}} Su23 162

GO TO (1101,1030,1051,1030)yM Su23 163

1101 CONTINUE SU23 164
00 1106 K=146 5U23 165
LL=K+2 SU23 146
XMESH2 (14 JsK)=RARF {14 LLY+(XMESHZ(1,LoK)-RARFUL4LLYI®(R(JI-ANSL1)/(RSUZ3 167
1(L)-ANS1) ‘ SuU23 168

1106 CONTINUE SuU23 169
GO TO 1000 Suz23 170

1050 JJ1=J su23 171
t1t=1 _ Su23 172
KOD1l=1 su23 173

GO YO 1000 S5U23 174

1051 JJe=J ‘ Su23 175
I1z2=1 Su23 176
Kgn2=1 Su23 177

1000 CONTINUE Su23 178
1F (KOD1.EQ.O} GO TO 2000 SuU23 179

A=



2005

2016
2000

3015

3016
3000

1030
1040

M=PEICKZ2(ZIII1},ROJJI1) .1 suz23
DO 2016 K=1+8 sU23
ANS=TARZ{M K4 L) +{TAB2{M+1,K,1)-TAB2(M, K, 1} ¥1*{R{IIL1I-TAB2(M,2,1}1}/(5023
ITARZ2(M+1,24L)-TAB2{(M,2,1)) 5023
IF (K.NE.1) GD YD 2005 5U23
ANS1=ANS 5U23
GO TO 201& suz23
CONTINUE sues
I=111 Suy23
J=JJ1 : Suz23
L=T11+1 su23
IF (K.EQ.2} GO TO 2016 S5u23
KX=K-2 Su23
XMESH2(T ¢ JoKX)=ANS+{XMESH2 (Lo Jo KX)I~-ANSI®CZCII-ANSLI/(Z(LI-ANS]) suz23
CONTINUE S5U23
IF (KOD2.€Q.0) GO TO 3000 5U23
M=PICKZ(Z(I12)R(IJ2}y2) suz23
DO 3016 K=1,8 5U23
ANS=TAB2{M K2} +(TAB2(M+1+Ks2)-TAB2(MyKy2}1*(R{JJ2)-TAB2IM,2,2))/(5U23
LTABZ2(M+1,2421-TAR2(M2,42)) 5u23
IF (K.NE.1) GO TO 3015 3023
ANSLI=ANS su23
GO 7O 3016 Su23
CONTINUE . SuZ3
=112 - Su23
J=J342 su23
t=112-1 suz3i
IF (K.FQ.2) GO TO 3016 Su23
KX=K-2 ' Su23
XMESHZ2(] 5 JoKX)=ANS+(XMESH2 (Lo JoKX)-ANS}*(Z(]1)~ANSL1I/(Z(L}-ANS1} su23
CONTINUE 5U23
CONTINUE 5U23
GO TO 3017 suz23
WRITE (3,1040) 1,4 SuU23
FORMAT {27HO TVIME STEP TOC LARGE AT I=,1442Hl=e14,//7) SU23
CALL EXIT 5U23
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3017

alalaNe

CONTINUE 5U23

Su23

S5U23

RETURN ' SU23
END ' 5u23
SUBROUTENE EXITY SU24
SUZ24

COMMON CASETO(14) o ETSLITS2,0TS3, 7S84, ITIL,ITI2,IVI3,ITI&,EPSLEPSSUZ4
12+FPS3,EPS4FPSH4EPSGEPTILEPI2,EPI3,EPIALEPISEPI6,EPIT,VP,AR,LENSUZ4
1GTHy APR,RPR,BIGAPR +BIGBPR,ESTAR,ALPHA,BETA,RHOSTR, EPRS,RHOS SUz24
COMMON XMESH{2042046) ¢ XMESH2(20,20.:61+2{203+R{20),SURF(15,8),5URF25U24
1015¢8) s TAB(15414,2) 4 TAB2(15,14,21,5PARTL15,24+2),RARF{15,11),RARF2ISU24

115+4) 4 RPART(15,2) : SU24
Su24

SU24

COMMON 20,RO,PC,UD VO ,LOsMO4RHOD4EQ,AQ,UBARD,VRARD Suz4
Suz24

COMMDN NP ¢NT4NR¢NI NOEL,ISUB SU24
' Suz2é4

COMMON ZMIN,ZMAX,RMIN,RMAX yRADIUS ¢GZyGRyDELTALH SU24
COMMCN DIRCOS SU24
COMMDN TIME SU24
COMMON [RARF SU24
COMMON KSTOP SU24
"COMMON TPSI SU24
COMMON KKK sU24
REAL LOSMOJLENGTH,MU,KO SU24
KSTOP=1 Suz24
STOP : SU24
END SuU2ea
SUBROUTINE FGOFI(ZXsRX,55,QQ) 3425
su25

COMPUTES SI QI FOR INTERIOR REGION Sy2s
ITERATION FOR Z21.RI SUZs
SU2%

COMMON CASEID(L4) 4 ITSE 1TS2,1T783,1TS4,ITILo1TI2,ITI3,1T14,EPSL.EPSSU25

APS
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XN aNeNa) “

124FP S, EPSAyEPSS ) EPSELPIL4EPI24EPI3,EPIGEPIS,EPTETPITIVP AR, LENSUZS

IGTH,APR4BPR,BIGAPR ,RIGBPRHIESTAR, ALPHA,RETA,RHOSTR, EPRS,RHOS

5uUz2%

COMMON XMESH(Z202046) ¢ XMESH2{20420460152120)2RI20),SURFILS,8),SURF25UZS
1E19.8) o TABUL15,14:,2) ,TAB2115,144+2) +SPART{15,2¢2),RARF(1I5,11),RARFZ2{S5UZ5

L1541 ,RPART(L5,21

COMMON ZOsRC4PO+UQ VD4 LO4sM0,RHDO4E0,AD0,UBARD,,VBARD
COMMON NP,NT,NR,NI NDEL,ISUB

COMMON IMINyZMAX RMINsRMAX ,RADIUS,GZ,GRyDELTA+H
COMMON OIRCOS

COMMON TIME

COMMON [RARF

COMMON KSTOP

COMMON TPS!

COMMON KKK

REAL LO+MOSLENGTHsMU,K(O

DIMENSTION ANS(6)PS1(4)SPSIt1L1),CPSTLL]Y

CALL DBLTRP{ZIX,RX,ANS)
Ul=ANS(2])

V1I=ANS{ 3}

AT=ANS(S)
SS=IX-ZO0+H*(VI+AT«SINITPSI))
QQ=RX-RO+H*{UI+AT*COS(TPSI })
RETYURN

END

A2Y

Su25
Su2s
5U25
Suz2s
SuU2s

sUz2s.

5u25
sU25
suzs
su2s
SU25
5UZs5
Suzs
suzs
5U2%
5U25
suzs
SU29
SuU2s
su2s
su2s
5025%
SU25
Suzs
SU2%
SuU25
suzs
s5u2s
su25
suz2s

10
Il
i2
i3
L4
LS
16
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18
19
20
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22
23
24
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35
36
37
38
ag
40



IIT.1. ”Elementarﬁ Solutions of Coupled Medel Equations in the
Kinetic Tehory of Gases”

I11.2, "Tricritical Points in Multicomponent Fluid Mixtures"

III.3. "Generalized Scaling Hypothesis in Multicomponent Systems.
I. Classification of Critical Points by Order and Scaling at
Tricritical Points"
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